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CONGENITAL ABSENCE OF LIMBS IN 
TORTOISES OF THE GENERA 
TRIONYX AND EMYDA 

PT 

S K DOTTA, M.So., 

Leotarer in Zoology, Atlakahnd Untverstly, Allahabad 

The justificatioa for \Trituig this note baa ariseo from 
the fact that occasiooal aheence of Hrob in tbo Gangoiic 
tortoises ^aa observed lo more than one spocimen. Tvro 
speoimens of the genera Trionyx and Etnyda stiowiiig snob 
deformity were obtained during tbo coarse of the year. 
The ono, Tnonyx gangeticas Cav measured 15" x 12*’ and 
lacked the tight hind log, while tbo other, Erayda granosa 
SchcEpCf measured 6" X 4*' and was devoid of the right fore- 
Hmh. A.t the spot where the Iimh m question should have 
existed there was a dimple in tbo first and a fold of akin 
in the second tortoise. Tho two specimens were entirely 
normal in every other respect. In no case, however, was 
there any hint of a scar, thus ticat dM? <?/ 

the leg may be congenital instead of being due to an accident. 

A, deviation from tho normal growth of the paired 
limb occurs now and again throughout the Vertebrate series^ 
as tho following brief account wiH show ; 
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Fiskrs — In fishes, Elora, 1921 (ll), lias jlescnbed 
occasional absence of paired fins in a namhor of Renera A 
specimen of Bnrihns bartla ts described m which both the 
sentral fins were absent In another species £ dogarsinghi 
the ventral fin of the left side was absent In 
l.anjiipkhuknsii the ventral fin of the riRht side was want- 
ing and the other was abnormal In J?i/a rifa the right 
pectoral fin was lacking, the musculatnre was degenerated 
and the shoulder girdle was abnonoal In all these speci- 
mens offish the hmh-ahnormalities were congenital defects 
as there was no trace of injury. Horn interprets them as 
mutations, or as due to some arrest m the growth of the 
organ 


diet, 1920 (21). has referred to the absence of the 
ventral fins in a male Anna clava 

Joan Delphy, 1918 (4), describes cases of anomalons 
peine fins m CoUus babulm In ©ne there seemed only 
one fin perhaps dne to coalescence of both the right and 
the left fins. In another there was a rednetion of one fin 
almost to a vanishing point perhaps dne to some arrest of 
development at an early stage 

Eigenmann and Cov. 1901 (9) and Bnndlay, 1891 (2), 
have given description of abnormal fins m fishes 

Amph\l\ans In the Urodelo amphibian Ambly$toma 
p«ncffltw«Harnson. 1921 (10), has shown eipenmentally that 
nplex and multiplex appendages frequently arise from the 
transplanted limb bads 


Banta and Gartner, 1914 (l), have published the results 
0 some observations on accessory appendages and other 
abnormhties due to the action of centrifugal force on 
amphibian larva There was usnally only one accessory 
appendage to each animal though as many as four 
were noted The appendages were usually lateral or 
dorsolateral m position They were tail-like m external 
appearance 
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Abnormalities in hind limbs of Sana are described, and 
experimentally probable variability of the organ reported 
by several notable workers. Reiclienow, 1908 (16), reports 
on a number of abnormalities m hind limbs of young frogs 
Itana esculenia One bad only one bind leg, another three, 
and a third bad four "Woodland (22) has furnished 
descriptions of some similar cases B Ugnna in which a stalk 
bearing a pair of additional limb is attaclied to the thigh 
of the left leg The aborted fused thighs of the additional 
pair of legs are represented by a small plate. 

Harold Row, 1916 (17), describes a case of symmetry 
abnormal feet m R ierngorarta which showed an absence 
of the first digit. There is no trace of mutilation 

Durkin, 1910 (6), has made experimental study of limbs 
in frog by extirpating the primordia of the limbs at a very 
early stage in the development of the animal The amputa- 
tion of one limb rudiment is usualiy associated \Mth serious 
malformation m others. He explains the phenomenon as 
due to a very interesting effect on the dc^elopment of the 
central nervous system brought on by the extirpation of the 
limb bud there being a developmental correlation between 
the nervous system and the peripheral organs. The affected 
nervous system exerts an infiuence on the other limbs 
causing a defective growth. 

Lissitzky, 1910(13), has induced dnplicity by cutting the 
primordia of limbs in young tadpole 

Reptiks — Duerden, 1922 (5), has observed in the South 
African lizard of the genus Chamasaura that the three 
species show different degree of limb reduction. In 
C. anea both pair of limbs ore present but much reduced, 
io G. anguina both pairs aro styliform and barely divided 
into two minutely clawed digits, in C- macrolepis the fore- 
' limbs are absent and the two hind Umbs are styliform and 
undivided. Ho does not, however, think that tho three 
species form a scries showing 'stages in tlio direction of 
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further rciluclion of hmhs but w of oi'iiuon that the anlapo 
or the germinal faetor concernoil witlitho limb production 
5a or Ina hpcn m n lughlj mutattvo atatc 

JJtrifs.- Zanbevfitfch, 1922 (29), hasdetcnhod almorma- 
lity m a DucVa xMng A wing of .lna» tojc/ia* ehowred on 
the \enlral Side in the region of carj»o-nietacarpua » hint of 
supernumerary limt> 'Flio featboring of the Rupernumerary 
part, which a!w bore two claws, inclined to be wing- 
hlo 

In a recent paper U^y, 1991 (18), boR described betero* 
morphosis of tho pelvic girdle, the presenco of a pair of 
finpernuTuerary bind legs and duplicity of cloacal openings 
in a domestic fowl. Tho pair of additional oppcndscps 
were attached to tho pygostjle by a peculiar conelike modi* 
fication of the fused femur boney. 

In another paper the writer in collaboration with Hoy, 
1931 (81, has given an accoont of tho arrest m development 
of the Tight hind leg in a hen*featbered coct. The right 
femoral bone is represented as a tmall ncKlulo attached to 
the acclabuium by tbc hgamentuin teres. 

Plorcnco reohlc. 1910 (U). has made operation on the 
limb buds of duck. Tim resnUs indicate “that when the 
tip of a young hud is grafted on tho proximal portion of 
another liroh it becomes a part of the appendage to which 
it Is attached instead of tetainiog the character of the part 
it is destined to heeome. No regeneration of the limbs 
taVes place after the Tcrooval of the bndB." 

dfammoZs— Anintorcstingocoount of congenital absonee 
of both hind legs m an adult pig is given by Sumulong, 
1926 (20). Carreon, 1919 (3), has reported obaenco of hind 
legs bdow femur in a full term pig. Ho explains the 
abnormality as doe to eoine phyaioo-cheimcal interference 
very early m the development of the pig. 

Klurkham and Haggard, 1916 (12), described the 
atracture of a three-legged Kitten— -the left fotc'Umb being 
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apparently absent* The hmb-bud, he thinks* had 
enoountered some obstacle and checked its growth. 

It ^vlU be seen from the above that reports on a number 
of abnormalities of the appendages ip Yertebratea have 
been contributed by good many observers, but no account 
seems to be extapt m so far as the hmb-abnormahties of the 
Cheloma are copcerned The writer therefore takes the 
opportunity of describing the anomalipeds 

The photograph (Fig l) shows the ventral aspect of 
the larger tortoise (Tnonyx gangcticns Cuv ) \s ithout the 
right bind log The plates of tho plastron are perfectly 
normal and so are those of the carapace. The plastral eallo-' 
Bities are large and normal. Tho visceral organs he m 
proper situation without any trace of abnormality except 
tho right Ug, which is apparently absent. The muscles 
are extremely degenerate in the particular region where 
the right leg should have been The right acetabulum is 
very imperfectly got up and convex instead of conoayo, a 
structure suggestive of developmental arrest of tho leg 
and subsequent fusion with tho girdle The rest of the 
peWio girdle is free from deformity. The blood vessels 
and the nerves are on a reduced scale only supplying the 
degenerate muscles and connective tissue of the right leg 

The youDger specimen Emyda granosa Schftpff (Figs. 
2 and 3) shoM e outwardly no indication of the existence of the 
right fore leg. The skin covering the spot is folded into 
wrinkles and on dissecting out the animal it was found that 
the muscles and bones of this limb showed great retrogres- 
sion in development. The bony part being reduced to a 
small nocJufo lay deeply imhedded in the desli. This piece 
of bone measured O'u' xQ a' and was attached to the right 
glenoid of tho pectoral girdle by a ligament. The girdle is 
wcU-fornicd and normal. 

The probable cause of the buib abnorinahtj is due to 
some injury to the anlage or tho germinal factor concerned 
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furtiior rciluclvon of hml»s but h of oninion tint tlto anlnpe 
or the germin’^! fictor concomotl with tijo limb production 
If or lias l>ccn in rv tiigbl; inutntiro state. 

/Iir-Jj.— Zankewitsoh. J*t22 (29), Ijasdo'^cribodalinorma* 
lity in a I'hicV’s « lug Avingof ^Inat tofcAcj ebowed on 
the %cnlml side m the tejjion of carpo-metacarpus i hint of 
siiperniimerary Imih The feathennij of the auperntuneratr 
part, Nvhieh aho boro luo ctiwB, mchnod to he wing* 
hie 

In a recent paper Itoy, 1941 (IS), has described hetero- 
inorphosis of the po!\ic Rirdlo. the presence of a paif of 
Btipemumorary hmd legs and duplicity of cloaml opening* 
in a doinc'tic fowl The pair of additional appendages 
Tfero attached to the pygostyle by a pccniisr cenehke modi* 
Gcation of the fused femur bones. 

In another paper the writer in colbbonlion with Roy, 
1931 (81, bus given an account of the arrest in development 
of the right hind leg m a hcn^fratliered cock. The nght 
femoral bone is represented as n small nodulo attached to 
the acetabulum b) tho bgamentoin icrc<i 

riorenoe VceliW. 1910 (14). lias made operation on the 
limb buds of cluck The veauUs indicate “that when the 
tip of a young hud is grafted on the proximal portion of 
another limb it becomes a part of the appendage to whicli 
it js attached instead of retaifliug the character of the part 
it is destined to become. Ko regeneration of tbe limbs 
takes place after the removal of the buds.*' 

^fammoZs.— -AainterestiDgaccount of congenital absonoc 
of, both hmd legs in &u adult pig is given by Sntnulong, 
1926 (20) Carreon, 1919 (d), has reported absence of hind 
legs below femnr in a full term pig. Ho explains the 
abnormality as due to some phyaico-chpinical interference 
very early in the doYelopmcnt of the pig. 

Khirkham and Haggard, 1916 (12), described 4h® 
structure of a threede^red Kitteu — the left fore-lunb being 
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apparently absent. Tho limb-bud, he thinks, had 
enoountorod some obstacle and checked its growth. 

It will be Been from the above that reports on a nurabor 
of ahnormnhties of the appendages in Vertebrates have 
been contributed by good many observers, bat no account 
seems to be cstant m so far as the hmb-abnorinalities of tho 
Chelonia aro cogeerood Tho writer therefore takes tho 
opportunity of desonbing tho nnoinahpeds 

The photograph (Fig l) shows tho ventral aspect of 
the larger tortoise (Tnonyx gangeticua Cuv.) without the 
right hind log The plates of tho plastron are perfectly 
normal and so are those of the carapace. The plastral callo- 
sities are large and normal. Tho visceral organs he in 
proper situation without any trace of abnormality except 
the right leg, which is apparently absent Tbo muscles 
ate extremely degenerate m the particular region whore 
the right leg should have been The right acetabulum iP 
very imperfectly got up and convex instead of concave, a 
strnctare suggestive of developmental arrest of the leg 
and subaetpient fuaiou with tho girdle The teat of the 
pelvic girdle is free fiom deformity Tlie blood vessels 
and the nerves are on a reduced scale only supplying the 
degenerate innacles and connective tissue of the right leg 
The younger specimen Emyda granosa Schmpff (Figs. 
2 and 3) shows outwardly no indication of the existence of tho 
right fore leg. The skin covering the spot is folded into 
WTiukles and on dissecting out the animal it was found that 
the muscles and bones of this limb showed great retrogres- 
sion m development. Tho bony part being reduced to a 
small nodule lay deeply imbedded m tho flesh. This piece 
of bone measured 0*5* XO 5” and was attached to the right 
glenoid of the pectoral girdle by a ligament. The girdle is 
well-formed and normal 

The prohahle cause of the limh ahuoTmahty is due to 
some injory to the anlage or the germinal factor concerned 
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With the production of the Umh ata^ery early stage of 
deTclopment. Stockard, 1921 (17), Patterson, 1907 (13) and 
SGTcral other observers have fonnd the developmental inter- 
ruption of the organ to exist in many animals in connection 
Mith other aboormahtics besides the limbs At a very early 
stage of tho dovelopDicnl the central nervous sjstem plays 
a very important role in co-ordinating the development of 
limbs and other organs, and any distarbance to the central 
nervons system ninst necessatily cause serious defects in 
the body-huildmg Reciprocally, as Durkin has shown, 
that hindering of the development of an organ is followed 
by abnormal development m the whole central nervons 
system and from the affected nervous system an influence 
is exerted on other parts of the body causing deformities 
The distnrbanco may be bronght aboat by inadequate supply 
of oxygen, food, or U may lie caused by external shock or 
injury* According to Baota and Oartoer, “the hereditary 
determiners for development work out their destined 
end only when maintained to certain appropnate relation. 

In the end the writer wishes to express his sincere 
thanks to Professor D.R- Bhaltacharya for help and cri- 
ticisms. The work was carried out under his direction in 
the Department of Zoology of the University of Allahabad 
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THE TRANSFERENCE OF GOLGI BODIES FROM 
THE FOLLICULAR EPITHELIUM TO THE 
EGG IN CERTAIN INDIAN SNAKES 

BT 

KRISHNA BEHAR! LAL, M Sc , 

Zoology Department, Untveretly of Allahabad 
(India) 

INTRODUCTION 

My TTork on the oogooeeis ot certain Indian enakea 
revealed many points of interest, not the least interesting 
of -which has boon tho phenomenon of the transference of 
Golgi bodies from the theca and the follicular epUhehnm 
cells to the egg. The welWdcvolopcd Ophidian oocyte has 
a fairly thick layer of peripheral Golgi bodies • such a 
condition, howcveri is not novel and is easily demonstrated 
in the earlier and later stages of most vertebrate and at least 
some invertebrate eggs The prcsonco of a second typo 
of Golgi bodies in the follicle colls and m the oateruiost 
confines of a fowl's egg led Bramboll in 1924 to express 
the view that a good portion of them is derived from tho 
follicular epithelial cells as a result of an iuivard migration — 
simultaneously with Bhattacharya who observed a similar 
phenomenon in tortoises Since then the latter author and 
his pupils, of whom the present writer is one, have 
examined a large number of vertehrato eggs and reported 
the infiltration of Golgi bodies, as they have called it, in 
tortoises, lizardsj birds, fishes and frogs. The aim of tho 
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present paper is to adfl to the types m ■which the 
infiltration of Golgi bodies from the theca and the follicular 
epithelium ceils to the egg has been obsetTed, and to 
indicate, so far as possible> the manner and the significance 
of the process 

It IS my pleasant datj to record my obligation to 
Dr D R Bhattachatya» Professor of Zoology in tliis 
UniTeraity, to ■whose original idea of Golgi infiltration the 
dresent paper owes its ongin, for his aQrailiog courtesy in 
help and guidance* 

MATERIAL ANT) TECHNTQDE 

Ororios were taken and fixed from the foliowing fixe 
types of snakes— Zamenis niucosos, Erxx conicns> Tropido* 
DOtus stolatus, Tropidonotos piscator, Qongylophis cinicns 
All possible precautions as recommended by Gatenbj and 
Cowdr) (8) during the period of transference of the ovary 
from the body of the animal to the fixatives were taken 
Of the large number of fixatives winch were employed 
the fallowing gaie good resalts in showing clearly the 
egg membranes and demonstrating the Oolgi bodies m 
various structures 

(1) DaFano's Cobalt*Nitra(e Method 

(2) Cajjl's UraQinm-Nitratc ifetbod. 

(H) Ludford’e latest modification of the Osmic Acid 
Method 

(i) Flemming withont Acetic Acid- 
In the case of (1) and (2), the sections were toned with 
1 per cent Gold chloride, 5 per cent Hypo and 3 per cent 
Ammonium snlphocyanide- The osmiophihc intensity of a 
snake oocyte being inacb leas than is the case in tortoises and 
other xertebrato eggs, it was not found necessary to bleach 
the eggs by Hennegny’s method 
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EGG MEMBRANES 

The earliest oocytes of the snakes examined are lodged 
in investments of thecal tisane, which unlike their anlage 
in pigeon develop as a single layer and are not divided 
into Theca interna and Theca externa As the oocyte 
grows, the follicular epithelinm la formed as a multi-layered 
structure and this condition is assumed at an early stage 
of development The mdividnal cells are at first small 
hut soon grow into what is osually a middle layer of large 
oval cells having a nucleus and a prominent nucleolus, 
and a few layers of smaller cells on the inner and outer sides 
The cells next to the zona radiata are specially small and 
often crowded together- 

In between the follicle cells and the egg, the only 
stinoture visible is a narrow faintly striated layer which 
Qsnally does not take much stain and is not quite transparent* 
This, without doubt, corresponds to the zona radiata so well 
developed in tortoises and visible as a single layer m lizards 
and birds There is, however, no truce of any fibrillEP layer 
found m tortoises, nor could any well-formed ‘limiting mem- 
brane' as noticed in other reptiles and birds, be distinctly 
made out. The zona radiata nsually develops at a late 
stage of oocyte groTsth. 

GOLGI MIGRATION 

In well-developed oocytes of Eryx conicus and 
Tropidonotus stolatus, Golgi bodies are present in the theca 
and in the follicular epithelium in large numbers (Figs. 1 and 
2) In Ludford and FAY.A preparations they appear as dark 
granules or as crescents. Often many of the granules arc 
aggregated together, exactly in the same manner as they do 
in the extreme peripheral region of tho egg The actual trans- 
ference of the Golgi bodies from these layers takes place in 
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jir^sont pjpcr is to add to the tjpes in wluch tbo 
infiltration of Oulgi (nidips from tfie tlicca and the foUicalar 
cpithciium cell? to the ejrp has hern obsctTcd, and to 
indicati*, so far as possibUi the manner and the sipnificance 
of the process. 

It IS my pfoasant doty to record niy ohHsfation to 
Dr D R B}iatt.acharya, Professor of Xoolojry in this 
UniTcrsitj , to ss hose oMpinal idea of Oolgi infiltration the 
^resent paper ovica its oninn, for Ins unfailmjr courtesy in 
help and guidance. 

M\TKIUAL AND TECHNIQUE 

Ovaries were taken and filed from the following five 
types of 8nake8~75anicni8 mucosiw, Eryx cooicusi Tropido* 
aotns stolatiis/ Tropidonotns piscator, Oonpylophia ciaiCDs 
All posgiblc precautions as recommended by Gatenby and 
Cowdrj (8) during the |»cno«l of transference of the ovary 
from the hod> of the animal to the fisatneg vrero taken. 
Of the large nnmlier of fixatives which were employed 
the following gave pood results in showing clearly the 
egg membranes and demonstrating the Oolgi bodies m 
various structures 

(1) OaFsno’a CobaU'Nitrato Method 

(2) Cajal’s Oraniuni'Nitrate ilcthod 

(-1) Ludford's latest modificatioo of the Osmic Acid 
ilethod. 

(4) Flcmminp without Acetic Acid. 

Ja the case of fl) and (2j, the eections were toned with 
1 per cent Gold chloride, 5 per cent Hypo and 3 per cent 
Ammonram enlphocTanidc The osmiophilic intensity of a 
snake oocyte being mneb less then is the case in tortoises and 
other vertebrate ^gs, it was not found necessary to bleach 
the eggs by Henneguy’s method. 
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bodies and appear very dark m a DaFnno preparation. No 
definite method of transference can be made out here, for 
there seems to be none, bat the fact of the transference 
itself is too apparent A similar stage of Zamenis muco- 
sus shows a manylayered folkcalar epithelium of small cells, 
the zona radiata unformed, bat the activity of infiltration 
equally intense. 


DISCUSSION 

The condition of the egg membranes is almost similar to 
that described by lllle, Loyez in ‘Ophidians' where (1) 
the follicular epithelium is said to contain ‘small cells ■which 
can divide mitotically, (2) intermediate cells arise from the 
differentiation of the small cells in the inner layer of the folli- 
cle, (3) largo pear-shaped cells result from the develop* 
ment of the intermediate elements’ The large pear- 
shaped cells are, however, well-marked features of the folh- 
colar epithelium ofwell advanced oocytes other smaller colls 
are present in all stages of development and their division 
into smaller and intermediate cells m the form of definite 
layers can hardly be justified. 

The behaviour of the Golgi bodies with respect to 
their migration is almost similar in all the five types examin- 
ed In all of them infiltration becomes active and marked 
m certain stages in the development of the oocyte, and the 
onset of the pbonomenou is noticed specially in the later 
stages An early oocjie even with a well-formed follicular 
epithelium shows Jiardly any Golgi bodies m the latter 
structure, much less any signs of infiltration This seems to 
be directly in contrast with the condition in fowls w'herc 
according to Brauibell (6) “the process of intrusion of 
elements from the follicle ceases at the time when the 
onc-layered follicle becomes many-layered and commences 
to secrete zona striata. ” 



12 TUE ALi.AnAnM> tnnvERsrrv sttcdies 

isolated units, each mdmdaal i?raaalo wotWnc its way only 
inwards No chains of migratini; Ooliti bodies or rcpular 
pasaa^a, such as has been reported in tortoises hy 
Bhattacliarja (1). or little lumps as was first indicated in 
fowl by BramboU (Gl, or as desenbed in Urarda and id 
birds hj Datta and Das (3) rcspoctircly, could be observed 
in any of tho five Ophidian types examined 

In a wellgro'in oocyte of Zamcms mucosus, Golpi 
bodies are present m fairly large numbers in tho theca as 
well as m the follicui ir epitlieliom cells In the latter the 
dictjosomes often aggregate closely around the noclens on 
the side nearest to the zona radiata Thence they seem 
to be continually migrating, in a measured degree 
as It V, ere, to the outer layer and finally to the cortical 
region of tho egg These migrating Golgi bodies 
are commonly seen almost at all places m a well preserred 
zona radiata. A very clear instance of their crossing the 
last limits of the zona radiata and almost stepping into the 
confines of the egg is shown in Fig 5, which is a Cajal 
preparation of Gongylopliis oocyte Probably by mere 
coincidence or as a result of rotation the Golgi bodies have 
come on the innermost area of the zona radiata simnltane* 
ously throughout the ctrcumferoaco of the egg and are 
caught in the act of entering it 

Figure 4 is an earlier stage of tlie oocyte of 
Tropidonotos piscator. Only one definite layer of follicular 
epithelmm celts is promineotly eeen A few smaller cells 
perhaps are also present end tbe bonadancs of the lodividnal 
cella are not very well defined The zona radiata has 
not yet developed Tbe number of Golgi bodies present m 
the follicle cells is immense and their passage to the 
periphery of the egg wholesale, so much so that 
there is hardly any dividing line risible between tbe 
oocyte and the follicular epithelmm Tho cortical region 
of the egg as well as the folhcnlar cells are thick with Golgi 
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bodies and appear very dark in a DaFano preparation- No 
definite method of transference can be made out here, for 
there seems to be none, but the fact of the transference 
itself IS too apparent A similar stage of Zamonis moco- 
sns shows a inanylayered folhcnlar epithehnin of small cells, 
the zona radiata unformed, bat the activity of infiltration 
equally intense 


DISCUSSION 

The condition of tho egg membranes is almost similar to 
that described by Ulle Loyez m ‘Ophidians’ where (l) 
the follicular epithelium is said to contain ‘ small cells which 
can divide mitotically, (2) intermediate cells arise from the 
differentiation of the small cells m the inner layer of the folli- 
cle, (3) largo pear-shaped cells result from tho develop- 
ment of the intermediate elements’ The large pear- 
shaped. cells are, however, ^^cll-ma^kcd features of the folli- 
cular epithelium of well advanced oocytes • other smaller cells 
are present m all stages of development and their division 
into smaller and intermediate cells in the form of definite 
layers can hardly be justified 

The behaviour of the Golgi bodies with respect to 
their migration is almost similar in all tho five types examin- 
ed. In all of them infiltration becomes active and marked 
in certain stages in tho development of tho oocyte, and the 
onset of the phenomenon is noticed specially in tlic later 
stages. An early oocyte even with a well-formed follicular 
epithelium shows Jiardly any Golgi bodies in the latter 
structure, much less any signs of infiltration. This seems to 
be directly in contrast with tbo condition in fowls where 
according to Brambell (6) “ the process of introsion of 
elements from tbc follicle ceases at the time when the 
one-layered follicle becomes many-layered and commences 
to secrete zona striata. ” 
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The Golgi bodies that pass out from the follicle cells 
are fairly largo irregular bodies and not anoften two or 
three elements are inextncably fused together. This is 
specially the caso in Eryx conicos and Tropidonotus stolatus 
where the tendency to aggregate in clnsters is most marked. 
It 18 , therefore! obvious that a zona radiata with definite 
channels and a fibrillar layer n ith similar canalicoU should 
he more a hindrance than help for the passage inwards of 
these bodies, transmission throngh which is only possible 
for dnst-likc partielcs. 

Unliko the case in fowls the appearance of the zona 
radiata does not seem either to commence or to stop the 
infiltration actmt} ofthe follicle cells. Only in the absence of 
this layer the transmissioo of the Golgi body is mote prolific 
and haphaard Miss Thing (9) has staled that " the strnetore 
of the zona pellucida,” and this term inclodes zona radiata, 
" presents a eoadidan most favonrablo for the conveyance of 
nntnlive material from Iho epithelial area in contact with 
the maternal capillaries to the actively growing and extend* 
ing yolk. ” Considering the part played by the zona 
radiata in the oocytes of snakes, in this connection, it seems 
possible to suggest that this layer nets not only as a vehicle 
of Golgi transmission m virtue of the incidence of its posi- 
tion, but also as an active niedmiD regulating the inflow of 
the Golgi bodies which would otherwise filter down in nttcr 
disregard of the metabolic needs of the growing egg. For 
after all as Xfaldeyer, Mile l»oyez and others have pointed 
out the transmission of the Golgi bodies from outside to the 
egg must have a definite role to play in the economy of the 
latter body and it is natoral to suppose that this process 
should have greater chances of success when the inflow is 
measured and regulated than otherwise. 

The infiUratiiig Golgi bodies have nothing to 
distinguish them either from those elements that are 
in the follicle cells or from those found m the oocyte* 



THE THANSFEREKCE OF OOIOI HODIER 15 

Thoy eettlc down, as in other animals, m the cortical 
region whicli becomes dark and thick being packed full 
of them, particularly in BaFano and Cajal preparations. 
This 19 specially tlio case prior to the formation of the 
zona radiata After the emergenco of this layer the Golgi 
bodies continue to swell, aggregate or even fragment in 
the cortical layer and aie gradaally used up. 
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Tho Ool{?t bodies that pass out from Ibc foDidc cells 
are fairly largo irrogolar bodies and not unoftcD two or 
three elements are inextricably fused topelher. This is 
specially the case m Erji corneas and Tropidonotus stolatos 
where tho tendency to aggregate in clusters is most marked- 
It 13 , therefore, obnona that a zona rodiata with defimte 
channels and a fibrillar layer with similar cauaheuU should 
he more a hindrance than help for the passage inwards of 
these bodies, transmission through which is only possible 
for dost-likc particles. 

Unlike the case m fowls the appearance of the zona 
radiata docs not seem either to commence or to stop the 
infiltration actn ity of the follicle cells Only in the absence of 
this layer the transmission of the Golgi body is more prolific 
and haphazard. Miss Thing (d) has stated that “ the structure 
of (he zona pellncida,'’ and this term mclndes zona radiata, 
presents a condition most faTonrablo for the conveyance of 
QQtntive material from the epubehal area in contact with 
the maternal capillaries to tho actively growing and extend- 
ing yolk.” Considering the part played by the zona 
radiata in the oocytes of snakes, in this connection, it seems 
possible to suggest that this liyer acts not only as a vehicle 
of Golgi transmission in virtue of the incidence of its posi- 
tion, but also as an active medium regulating the inflow of 
the Golgi bodies which would otberwiso filter down lO utter 
disregard of the metabolic needs of the growing egg. For 
after all as Waldeyer. Milo Lojez and others have pointed 
out the transmission of the Oolgt bodies from outside to the 
egg must have a definite role to play in the economv of the 
latter body and it is natnral to sopposo that this process 
should ha\e greater chances of saecesa when the inflow is 
measured and regulated than otherwise 

The infiltrating Golgi bodies have nothing to 
distlngnisb them either from those elemfnts that are 
in the follicle cells or from those found in the oocyte. 
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of GolRi elements r«rlf ndtanccil ogj; of Tropidonotus 
s(o1atus m vluch nlbomiooui voile la also developed 
r.W.A Hsation Champf'KuU stnin 

Fir 3 —Largo peat-shaped follicular cell* vriih smaller ones on 
the sides A distinct zona radiata Infiltrating activity 
slow Bod measured 1- ull-grown egg of Zamenis miicosiis 
Ludford’a latest osmio fixation 

Fig 4 —Follicular epUholiom hardly more than one-layered. No 
trace of zona radiata Infiltration liapharanl and excess- 
ive Tropidonotus piscalor oooyte DaFano fixation 
SalfraniQ and Light Orcco atom 

Fig ’) — Infiltrating activity at its highest though (he prescoco 
of zoni radiatft oeeras to rcgulsic the proces* Large 
pear-shaped cells in tho central fotheuUr layer. An 
advanced egg of Gongylophvs comcua Cajal fixation 
Toned with Gold chloride and Uypo 



Plate 2 



'0 1 mm 


Fig 3 



Plate 3 
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and socondary sexual characters resembling a hen (Fig 1) 
It was after dissection that no recognised Us maleness 



P>K 1 

yVitA b STWphtA Vhfc crooV, 

aspect It has only one leg — the Icit, and has plumafio ae'i 
Becondarj sosnal character^ reseinbluig b hen ^th of natural sire 
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The body measarementa are as follows — 

Length, measured from the tip of tho 

beak to the extremity of the tail • 15 inches 

Breadth, round the uinga .. . 9 inches 

Length of the wing .. 9 5 inches 

Length of the normal leg . 13 inches 

(measured fiom tho pelvis along the hinder border 
up to the tip of the third digit) 

Length of the femur of the left leg 3 inches 

„ „ Tibio*tarsu9 . 4 5 inches 

„ ,, Tarsomctalarsus . 3 inches 

,, ,, 1st digit . .. *76 moll 

1 , II 2nd digit 1 4 inches 

„ „ 3rd digit . ... 2 inches 

M II 4th digit . 1 5 inches 

For the preparation of the slides of testes, DaFano’s cobalt 
nitrate forniol was used foi fivalion and suhsequentlj tho 
tissue Mas impregnated with 2 per cent silver nitrate. Sec* 
tions were cut by paraffin method, toned Mith gold chloride 
and stained in iron hmmaloxylin and eosin 

THE STRUCTURE OF THE TESTES 
The investigations of Benoit. 1921 (l), Firket, 1914 (4), 
Loisel, 1902 (8), Jlorgan, 1920 (l 1), Nonidez, 1920 (12), 
Pezard, 1918 — '22 (15h Sliattock and Seligmann, 1904 (17), 
and others have definitely established the fact that the 
condition of plumage and the development of the secondary 
sexual characters of a fowl aie governed by the internal 
Becrotiou of its gonads But there still • exists diversity of 
opinion as to tho particular cells which produce tlic secre- 
tion in the organ Boring and Morgan (2) have shown 
that the condition of plumage m cocks of Sebright bantam 
breed in which all males are hcn-fcathered, is deiH'ndent 
upon the presence of cells identical with the ovarian tjpe 
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and secondary sexual eljaractera resembling a lien (Fig: 1) 
It was after dissection that we recognised its maleness 



TextFiRl PUotographoTChe lien-featht^rfU coot, 'VenlK'' 
BSjiect It has only on** leg— the Mt, and has plumage no<J 
secondary scsutl characters reaemblmg a hen Ith of natural aise- 
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Tlio I'ody ine.isureittcnts are os follows’ — 
Longlli, measured from tho tip of tlio 
beak to tho CTtrcmtt) of the tail 
Hreadtli, round tho wings ... 

Length of the wing 
Lengtli of the normal log 


15 inches 
9 inches 
9 5 inches 
13 inches 


(measured from tho pelvis along the hinder border 
up to the tip of the third digit) 


Length of the femur of tlio left log 

„ „ Tihio-taisus 

II „ Tarsometatarsus 

n „ Isl digit 

II „ 2nd digit 

II I, 3rd digit 

•I It 4th digit 


3 inches 
4 5 Indies 
3 inches 
*75 moll 
V4 inches 
2 loclies 
\ 5 inches 


For tho preparation of the slides of testes, DnFano’s cobalt 
nitrate formol was used for fixation and suliseqnently tho 
tissue was impregnated with 2 per cent silver nitrate. Sec- 
tions wore cut by paraffin method, toned with gold chloride 
and stained in iron hjoinatovylin and cosin 


TUE STRUCTURE OF THE TESTES 
The investigations of Benoit. 1921 (1), Firket, 1914 (4), 
Loisel, 1902 (8), Morgan, 1920 (U), Nonidez, 1920 (12), 
Pezard, 1918 — 22 (15), Shattock and Seligmann, 1904 (17), 
and others have definitely established tlie fact that the 
condition of plumage and the development of the secondary 
sexual characters of a fowl are governed by the internal 
secretion of its gonads But there stiH .'exists diversity of 
opinion as to tho particular cells which produce tiie secre- 
tion in the organ Boring and Morgan (2) have shown 
that the condition of plumage m cocks of Sebright bantam 
breed m wbicb all males are lien-fcatbered, is dependent 
upon the presence of cells identical with the ovarian type 
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nml eecoTidary 80\ual clufncters reacmblinfr ft lifn (Fip !)■ 
It WAS after dissection that wo rocogiiisod its nia!oncs 3 



Pk I 

Test Fig l Photograph of the hen-feathered cocL, Veniril 

aspect It has only one leg th« left, and has plumage 

secondary sesual characters resembling n heailh of natural sue 
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of coluiiiner cells towards the poripher)- of tlie tubule 
Scattered among those are lopnded colls with oval nuclei — 
tlio Spermatogonia Transitional Stages of the pnmary 
and secondary spermatocytes ato not uncommon The 
spermatids and speiinatozoa are %isihlo m tlic course of 
formation m certain tubules* 



The Jntersiitlal TtssMe— Ordinarily in tlie adult eocks 
the interstitial cells are very scarce In our preparations, 



THE ALLAH MUD mnvmsiTY PTUDIRS 


of mteralitial cells Tlio accretion from tlicsc cells was 
repanled to mliilnt coek^feathenn^; Wliilo on tlic otiior 
limd Fell (3) Ins tentatuelj jmt forwanl a hypothesis that 
the feathering in the sexes of the foisl mipht >iell doiieml 
upon the amount of lipouls conlninotl in the hlooih 

“ If the lipoid content is preatcr than n certain amount, 
sax X, the plmnj{»e will ha of the female, ami if less than X 
of the male type. In the normal female the amount xxould 
be aboTe X, oxanotomj would cause it to fall below X, and 
tlie bud would become eoek-foathorecl. In the normal male 
it x\ ould be below X and taslralion xx oiild cause a slitrht 
fall, as perhaps expressed h) the more luxuriant plumafro 
of the capon In the case of the licn'feathored Sehripht and 
Campine Cocks the fat concentration would he sHjrhtl.r aboTO 
X, castration would eau<ie it to fall bcloxx, and tlie male 
pluma$ro xxonld bo exhibited.” — (Fell, 11 Ik, lUit. jourm 
Exp Biol , Vol I Xo 1924, p 307 ) •. 

In hia extenxiTp series of memoirs on the studies of 
Konads of the fowl, Jose, F. Xonldez (12) Ims pointed oot 
that in most hcmfeathered males the interstitial cells be* 
come fatdaden and agrees xvith the hypothesis adTanced 
hy Fell in bo far as it assumes that the gonads of either 
sex stiroulate the production of lipoid material in the blood* 
He remarks — ” Although the problem lias not been sufScient* 
ly studied, the few olwerxolioos (7 and I'll published thus 
far are consistent with the hypothesis ” 

^Ye are unable to determine the lipoid contents in {he 
blood of tbe bird in question, but on careful histological 
etudj of the testes xcc have been able to ascertain the oc- 
currence of abundant af^regations of large-sized interstitial 
cells of the oTarun type which according to Morgan and 
Boring control the expression of secondary sexual characters 
and also the formation of plumage. 

The 'S'eHiiHifrroHX Tuhules , — The testes appeared quite 
normal and healthy The seminal epithelium is made up 
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of columner colls towards the periphory of tlic tubule. 
Scattered among those are rounded cells with oval nuclei — 
the spermatogonia Transitional stages of the piimary 
and secondary spermatocytes aiq not uncommon Tiio 
spermatids and speimalozoa are visible in the course of 
formation in certain tubules. 



The InleisUtlal Twswe.— Ordin.arily in the adult cocks 
the interstitial cells are verj scarce In our preparations, 
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of interstUnl cell* Tlio sppretion from tlicso cells was 
reparileil to inlulnt coek>fcatIierinp While on the other 
hind Fell (3) Ins tentatiseU |>ut for«iiril n hjpotliesis that 
the feathering m the sexes of the fowl mipht well ilepcnd 
upon the amount of hjKmls eontaineil in the hlooil. 

“ If the hpoid content la preatcr than ii certain amount, 
s.i) X, the plumape will he of the fciimle, ami if less Ilian X 
of tile male type. In the normal female the .amount would 
ho ahoTO X, o\nrjotDM)> woiijij eawso jt Jo /aJJ heJow X, and 
the hird would hceome coek-feathered In the normal male 
it would ho helow X and castration would cause a shpht 
fall, as perhaps expressed hy the more luxuriant plunnpe 
of the Ctipon In tho cnee of the hen-feathered Sehnpht and 
Campino Cocks the fat concentration would he slightly nhoxo 
Xi castration would cause it to fall helow, and the male 
plumage would he eshthiled ”—(rell, 11 B., Brit. Journ. 
Exp Bio) , Vol. I Xo 3, 1924, p 307 > • 

In Ills extensive senes of memoirs on tlic studies of 
gonads of the fowl. Jose, F. Nonidez (12) has pointed oat 
that m most hen-feathered males the interstitial cells be- 
come fat-laden and agrees ^mh tho liypothesis advanced 
hj Fell in 80 far as .It assumes that the gonads of either 
sex stimulate the prmloction of hpoid material in the blood. 
He remarks— “ Altbongh the prohleni has not been sufficient- 
Ij studied, the few ol>serTalions (7 and 13) puhlislied thus 
far arc consistent with tho hypothesis ” 

"SYe are nnalile to determine the lipoid conleutsirt the 
blood of the bird in question, hut on careful histological 
study of the tosUs we have been aide to ascertain tlie oc- 
currence of abundant aggregations of large-sized interstitial 
cells of the ovarian type which according to Morgan and 
Boring control the expression of sei ondary sexual characters 
and also the formation of plumage. 

The Senttntferous Tubules ^TJ»e testca appeared quite 
normal and healthy The seminal epithelium is made up 
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others) and are sopposcd to inhihit cock*feathering. So 
far as the minute structaro of tlio interstitial cells are 
concerned our observations would substantiate the views of 
Boring and Morgan whoso researches have cleared up a 
very intricate problem in endocrinology* 

THE ABNORMALITY OF THE HIND-LEG 
We have not been able to find any recorded case of 
abnormality of the hind-leg of a fowl except the one recently 
published by ono of us (G. N. R ) (10). We take the 
opportunity of describing another in this note 

Externally there is no indication of the existence of the 
right hmd-leg (Fig 2). The bird hopped with but one leg. 
On dissecting the skm the peculiar arrangement of the muscles 
of the right leg slioived clearly the defect to be congenital 
and not a caso of amputation as we failed to discover any 
scar of healing. All the muscles wore degenerate and 
lamped one above the other as shown in the figure 4 (MP) 



Text Fig 4 DissecUon eiioving the arrangement of muscles 
of the right Bide in the pelrio region 

MP— Uusoles piled up me above the other m tho pelvic 
region of tho right side. 


L\ TlU- \LtA»mTU» VSIVirsiTY W'DIJ-S 

liowcvor, \\c werpaprowiWv «nfi»Tisc(l to rin<l a Inrpe nunilii'r 
of patclics of Iho intmtitial cclJa Tliev ho pliieilj in tlie 
largo intcrtulmtar ejiaocs The cpll-outlino w vory (liitiiict 
ami the nnplona IS rclatuolj largo, ronmlpd or otaUsIiapod 





Text Fig 3 Transtefs© section of the testes slioiMng proucs 
ot large loteretilial ceOs m the iDlcrtubular spaces 

1C— Interstitial cetls m (he inicriubutar spaces. ST — beimnal 
epithelium of the lubuie 

The cytoplasm is finely granular nml contains no vacuole 
and appears to contain httlo fat In certain hreecU of 
fowl, howeier, I’rof. Morgan tins shown that the inter- 
stitial tissue IS very nlmndant in the testes and that th^ 
cells hecome fat-laden Tliese fat-faden cells loo^ to iff 
identical s\ith tho so-called luteal cells (I‘earl and Boring) 
or tho ovarian type of interstitial cells (Fell, Morgan and 
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others) and are supposed to inhibit cock-featherinff. So 
far as the minute structuro of the interstitial cells are 
concerned our observations would snbstantiate the views of 
Boring and Morgan whoso researches havo cleared • up a 
very intricate problem in endocrinology. 

THE ABNORMALITY OP THE HIND-LEO 
Wo havo not been able to find any recorded case of 
abnormality of the hind-leg of a fowl except the one recently 
published by ono of us (G- N. R.) (16). We take the 
opportunity of describing another in this note 

Externally there is no indication'of the existence of the 
right hmd-leg (Fig. 2). The bird hopped with bnt one leg 
On dissecting the skin thepeculiararrangement of the muscles 
of the right log showed clearly the defect to be congenital 
and not a case of amputation as wo failed to discover any 
scar of healing. All the muscles wore degenerate and 
lumped one above the other as shown in the fignre 4 (MP). 



Text Fig 4. Dissection «h<rwing the arrangement of muscles 
of the right side m the peWio region 

UP — Muscles piled up one above the other in (he polvio 
region of the right side. 



2G THE AU.AjrABU> IWIVPRsnT ffTtroiES 

Oq carefully remoTing tlic mnsclea wo came acrosa one 
tiny nodule of bone about Jtli inch m lengtli and -itb iacb 
in breadth attached to the acetabulum Fig 5, UF) This is 
the ^holo of the skeleton of the right hind-Umh 



Text Fig 5 DwseciKm to show the skeleton of the right 
hmd-leg—a amall piece of bone attached to the aoetabulatn 

RF— Skeleton of the leg, the head is attached to the 

acetabulura. 
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The pelvic girdle le expanded and its bony parts are 
perfectly normal The little nodular bone has got a distinct 
head like that of the femur which fits in the right aceta- 
bulum and forms a ball and socket joint. 


t — 
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Text Fig 6 The sLcIelon of the right hind.hrnb detached 
from the aoetabutum and drawn under a magnifying lens. 
LT—Ligamentum Terea, HD— Head. 
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THE AtiAKAEAP DSlVTaslTY STUDIES 


On cftTofully remoMD}? the muscles wo came across one 
tmy Doilulo of bone about 5th inch m Icnctb and Jib inch 
m breadth attached to tho acotalmlum Fir. 5, IlF). Tins is 
the whole of tho ehclcton of the njtht hind>hmh. 



Text Fjg. B Dtasfrottoa lo show the ekcleton ol the ngkl 
hiBd'leg— a siBsll piece of booa atUcheU ta the acetabulom. 

RF-~Sl£elelon o[ the light leg, the head attached to 
acetabulum, 
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The pelvic girdle is expanded and its bony parts are 
perfectly normal Tho little nodular bone has got a distinct 
bead like that of tho femur which fits in the right aceta- 
bulum and forms a ball and socket joint 



TfXi F^p 0, Tlif akrlftcn tf jipt.l hic'Wifl'li drUebrd 
frnta l*-(5 a^^ubtslvstu und (tr»wa x rmpnltymp Ifii*. 

LT— lapaacatutn Tere# 
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TOf ALi.MiA!iA» usurwnrv trrcnins 


It has the usual lundinjrhiramcnt— the hsTimrnioni teres 
(Fjr. 0 LT)mscrtcil from thotiead to the fumlus acctahnlmn. 
The other hp.unentB, rtr-» the capsular, whirh prasps the bnm 
of the acetabulum nn<I the hold of the femur aud tho IhibO' 
femoral, btndiap the puhit and the femur, are nanttnp. 



V,K t 

Text 1 ig 7 . Dissection ol th« aitenes anU veins of the 
peWio region shoiHcg tb* narrow calibre of Iho right gciatio 
femoral arteries and vem 

CA — Caudal arlcrv- CMV— Coceygio-mesenterio tem CV— * 
Caudal vein DAO-~Dorsa1 aorta IIA— Internal Iliac artery, 
nV-— Internal Iliao Teiiu IV Hiac Teiti, K— Eidney LPA — L>cft 
femoral artery LFV — ^Lrfl femoral lem. LSA — Left aciatio 
artwy, LSV — Left soiuiio rein PSlV~roatenor mesenferio vein. 
PTC— Post Caval vein RCC— Rectum RP — Renal Portal vein. 
PPA — Right femoral artery, RPV— Right femoral vem RSA— 
Right BCiatio artery. RsV — Right aciatiOTetn. T — Testes, UR~ 
Ureter. VD—Yas deferens ■ 
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The blood vessels in ^he pelvic region show normal 
stmcturc on tho left side while on the right tliey are 
markedly degenerate. The right femoral artery and vein 
(Fig 7 UFAj RFV) are extremely narrow in calibre witb a 
very ferv minnte branches The same is the case with tho 
sciatic artery and tho vein. These ramifications supply tho 
degenerate mnsclea of the right leg (MP). 

Wo wish to acknowledge Iioro onr thanks to Professor 
D B Bhattacbarya for affording tho necessary facilities for 
work and for offering helpful criticisms. 
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TIU- AI,UMUIH0 UMVFiyiTV KTl'nilJl 


It lias Uio visual binding licnmcnt— the hinmoDtum teres 
(Fig. y LT) inserted from tho heftvl to tlio fundus ncotnliulum. 
The otlier hg.inients, rt: • tlie capsalar, which grasps tho hritn 
of tho acetilmlum ami the head of the femur and tho rabo’ 
femoral, binding tho pubis and the femur, are wanting. 



Fw T 

Te*t t'lg 7 Disscciloo ot tbo srlpnes and reins of tt'® 
peine region shoving the njrrow cidibre of the right sciatic and 
femoral arteries end rein 

CA— Caudal artery GllV — Coccypio-mesentcno rem CV — 

Caudal rein DAO Dorsal aorta IIA— Internal Iliac artery. 

IIV — Internal lliao rein IV H*ac Vein K— Kidney. LPA— Left 
femoral artery LPV-.-Left femoral rem, LSA — Left sciatio 
artery, LSV— Left Bciatie rein. rMV~-Poslcrior raesenterio rein. 
PTC-Post Caral r«n UEC— Rectum RP— Renal PorU! vein. 
RP A— Right femoral artery. BPV—Right femoral rem RSA— 
Right sciatio artery. RSV— Ri^t sciatic rem T — Testes UR — 
Ureter VD — Vaa deferens 
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coarse both external and internal short branches, which in 
their turn further branch. The exteinal ramifications extend 
to tlio lateral margins of the body. Tiie mam excretory 
canals run into each other h\ a transverse connection at tlio 
anterior end between the oral sucker and the intestinal 
bifurcation 

The testes are mucii lobed measuring 1 09 mm. in length 
and 0 49 ram in lireadtli They are longer than broad and 
are laterally situated close outside the intestinal creca with 
their long axis straight and parallel to the length of the 
body, unlike tlio testes of C- yalUmtlae Johnston, wliioh lie 
obliquely The testes may extend anteriorly a little in the 
vitelline field. The vasa efforomia nnso from about the 
middle of the inner margin of the testes Tlie vas deferens 
was not observed on account of the massive vesicula semi- 
nalis and the uterine coils Tito vesicula scminahs is 
coded and lies outside (he cirrus sac between it and the 
transverse uterine coils The cirrus sac is median and more 
or less flask-shaped meaeunng 069 mm in length and 
0 21 mm ID breadth m the middle of its posterior half. The 
common genital opening is median and hes immediately 
behind the intestinal bifurcation 

The ovary is lobed and median situated in the mter- 
testicular zone It measures 0 33 to 0*49 mm in length 
and 028 to 0 33 ram in maximum breadth Tho short wide 
oviduct arises from the anterior border of the ovary and 
takesa somewhat S-sbaped course before it enters the slightly 
curved ootype which is surrounded by a fairly large mass of 
shell gland cells Tho shell gland mass measures 0 23 mm. 
in length and 0 28 to 0*34 mm in breadth The 

Laurer’s canal arises from the ootype and opens to the 
exterior by a small median dorsal pore situated about the 
level of tho posterior margin of the shell gland mass. ' 
Tho first narrow part of the oterns forms a loop ven- 
trally to the shell gland mass and then continues mto a 
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region, up to tiic posterior margin of the cirrus sac, it bears 
minute spiny indentations w hicli hardiv project from the sur- 
face The ventra) papilia*, Minch are broad at the base and 
more or leas bluntly pointed at the free end, occupy the 
entire ventral surface of the body and are arranged m 
regular rows Ttesidea these papilla^ there are present the 
ventral glands arranged id three longitudinal rows between 
the two intestinal cn?ca> The glands of the mid-ventral 
rows lie close to one another forming a continnons line 
extending from the anterior saccular part of the cirrus sac 
to about the posterior margin of the ovary The Other two 
rowfl, which are veutro-btera! in position are composed of a 
eeries of seven or eight groups of glands lying more or less 
separate from one another 

Tbe oral socker is almost tcriniDjl, measuring 0 IB to 
0 2 mm in diameter A pliafjux is absent The o-sophagus 
18 short, measuring 0 16 to 0 32 inni in maximum length. 
The intestinal (secaarc almost of the saroo lessrth, they 
extend nearly to the hinder end of the body exhibiting small 
diverticula throughont their length and terminating in a 
Tosette-ehaped blind end They he nbont half way between 
the middle line and the body-wall, touching the outer limits 
of the uterine loops , but near tlie anterior region of the 
testes they curvo inwards so as to occupy a position between 
the laterally situated testes and the median ovary 

The excretory system is typical of the genus The 
excretory bladder is almost roundwl, and opens to the exterior 
by B dotsally situated pore near the hinder extremity The 
cavity of the cxcrelorv bladder is funnel-shaped and its 
inner wall is thrown into six distinct ridges winch probably 
control the excretory opening, forming a structnre called 
“ Tippon ” by l»os5. From the excretory bladder two 
mam excretory canals are given off one on eich side, which 
run forwards laterally almost parallel to and close outside 
the intestinal ea-ca These canals give off throughout their 
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Table 1 

(A) Showing the length of the My and of diffeient organs. 


■No ol 

gpeei- 

mess 

Length ol 
the body 

Lengtti 

rti 

▼itellana 

Length 

ot 

Length 

ol 

Length 

ol 

1 

4 87 mm. 

1 96 mm 

09 mm 

0 33 mm. 

0 03 inra 

2 

3‘G mm 

1 04 mm 

1 mm 

043 mm 

0 CO mm 

3 

3 34 mm. 

1 14 mm. 

0 87 mm. 

0 42 mm 

0 61 mm. 

4 

3 34 mm 

104 mm 

067 mm. 

0*45 mm 

0 D ram 

5 

3 78 mm. 

1 45 mm. 

0 83 mm 

0 49 ram 

0 61 mm 

6 

4 33 mm 

1*68 ram 

1 08 mm 

0 46 mm 

085 mm. 

7 

3 84 mm 

1*29 mm. 

1 00 mm 

043n)m. 

0 05 mm 

8 

3 70 mm. 

1*64 mm 

1 08 10(0 

0 45 ram. 

0 09 mm 

0 

3 6 mm 

1 24 mm 

1 mm 

0 46 mm. 

0 04 mm 


(B) Showing the breadth of the body and other organs. 


ls« et 
gpeci- 

Uteodth «t the body 
in the antrnor 
region ol the 

Dreedlh «( 
tb« 

Breadth 

the 

Breadth ot 
tbs 

eirruA mc 

1. 

1 6 nim. 

0 44 mro 

0 28 mm. 

0 2l mm 


1*21 mm 

0*44 roiu 

0*29 mm 

0 ]0 mm 

3 

1 32 mm 

0*44 mm 

0*28 mm 

015 mm 

4 

1*17 mm. 

044 mm 

028 mm. 

0*16 ram 

6 

1 .32 mm. 

0'49 mm. 

0 33 mm. 

0 21 rant 

0 . 

1*2 mra. 

040 ram. 

0*28 ram. 

0 17 mm. 

7. 

, 1-27 ram 

043 mm 

0 32 mm. 

0 1C mm. 

8 . 

1 :i8 min 

0 43 tom. 

0“23 mm. 

0*18 mm. 

0 

I'S rani- 

0*4(1 mm. 

0'28 mm. 

0*16 mm. 
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8cne9 of about twenty transversely placed wide coils which 
occupy the entire intncrecal refrtoo from the anterior end of 
the testes to the posterior end of the cirrus sac- The uterine 
coils may overlap to a certiin extent the intestinal ccea 

The Titellana. 1 04 to I 95 nun in length, ho laterally 
in the middle tliird of the body, commencinp 0 54 mm- 
distance behind the cirrus sac at about the level of the eighth 
uterine coil from the anterior end and termiuatinp at the 
anterior margin of the testes or a littlo behind it Each 
ntellinc gland consists of twelve groups of two to four 
follicles each arranged m grape-liLe bunches. The trans* 
verse vitelline ducts arise near the hind end of the vitel- 
laria, they pass between the ntenne coils and the ovary 
and overlap the shell gland mass where they unite to the 
middle to form a coaspicaoas viteibne reservoir The egs^ 
measure 0 024 to 0 026 mm by 0 01 1 to 0 013 mm la sire 
and possess at each eud a long polar filament which 
thicker at the base. 

The genua has been recorded for the first time in Ind>a> 
The present species resembles the Australian species 
C galhmilae, Johnstoo, but diflfcrs remarkably from C. rer- 
rueosa commonly found m European birds, m the presence 
of polar filaments of the eggs. It also resembles C. gal’ 
bnula in the sue of its eggs, but it differs from it m the 
large size of the voicula scmiualis, large size of the testes, 
shape of the ovary, and size and shape of the body. The 
ovary in C. gaUtnul<f is rounded bnt it is lobed in C- orien- 
falw C. orienfalis, however, resembles C. verrucosa and 
C eharadrtt in its general shape and size of the body and 
ID the number of uterine loops Bat it differs from 
C charadrii in the ratio of the length to the maximum breadth 
ol the body which is d : 1 as compared to 4 * J in C. char- 
adni. It also differs from all the known species mentioned 
above in the arrangement and number of the ventral glands 
and papillm. 
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Situated at about iialf way between the oral sucket and the 
middle of the bodj at about 0'69 to 1 3 mio distance from 
the anterior end It measnres 0’2G to 0 37 mm in diameter 
Tite excretory bladder is Y-shaped The cvcretory open- 
ing IS median, situated \entrally, a little m front of the 
posterior end of the body The genital opening lies a little 
to the left immediately in front of the ventral sucker and 
much behind the intestinal bifurcation 

The mouth is terminal or slightly suh-terniinal A 
small pre-pharynx is present The pharjnx is almost 
pear-shaped measuring 0*16 mm in length and 0 21 mm 
m maximum brealth about llie middle of its length The 
(Esophagus is a straight tube of moderate lengtli and more 
or less uniform breadth, measuring 0 1 to 0'21 mm in 
length Only in one epecimcn u mensured 0 51 mm but 
the increase in length m this caso may bo due to nmch 
flattening on account of the excessive pressure before 
flxatiOQ The intestinal bifurcation lies almost midwnj 
betnoen the oral and ventral suckers at 0*26 inm distance 
in front of the anterior margin of the acetabulum The intes* 
tinal ca?ca are of unequal length, extending almost up to the 
posterior extremity, the right crccuin being slightly longer 
than the loft one The ctcca arc narrower in the anterior 
half of the body somewhat near the oiary behind mIhcIi they 
gradually broaden attaining (heir maximum breadth of 
0 1 mm in the region between the anterior and posterior 
testes Their coarse, for tho greater part of their length, 
18 almost straight , hut they may have a sliglit bond towards 
the hody-wal! in the middle ono-third of the body. 

The ovary Ilea \a front of the testes^ to the right aide 
touching externally or partly covering the right ctccum 
0 IG mm distinco behind tin* posterior margin of tho ven- 
tral sucker. It is almost rounded with entire margin and 
measures 0 32 to 0 49 ram. in length and 0'37 mm in rnaxi- 
mum breadth in its mitldle region Tho shell gland complex 
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RErLRESCES 

1 Jolinslon, r Har7e\ , Xew Ireiii itofles from 

AH'traluo Wsitr-llen OalUnula tecebrosa Rcc 
b Atistral Uu« AdiUiile 4 lU-'tl, pp 130-138 
bv’ 39 

2 Lfllie, M 11909)— PaTa'.»ti\che PUttwiirmpr 1. Twniatodes 

Sus!>ira:sor{aoQa Detil^chlands tielt, IT 

ON A ^’E^^ 3PECICS OF AbTIOTREMA LSS, 
AbTIOTREMA-GAA'OETICUS, -WITH A KEY 
TO THE SPECIES OF THE GENUS 
^-^{lOtrcina sp n 

Thirteen spccitneoa of this species -ftere ohuiaed from 
the dnodenom of Etniida granoso, the torioiscs dissected at 
Allahahid Only one oat of foor was found to he infected 
\^itb these parasites and a species of the penns Cfpftalo- 
^o»tmi<e 

The distomes oere attached to the wall of the duodcnutn 
la the aoterior ono-third of its entire length. The porasites 
Tvhen hept alire tn 0 7*> per cent salt solution lived only for 
about forty-eight to fifty hours 

Tliebody is almost oral or somewhat elliptiral, measuring 
t to 6 7 mm in length when flattened under the pressure 
of a coTCr^lass The bre'idth varies in different regions 
as 'Will be seen from the Table 2, but the maxinicm briadtb 
lies at the anterior legioQ of the anterior testis measuring 
2 1 tniu Ilotli anterior and posterior extremities are almost 
rounded, specially the latter, which is always broader 
'opines arc ))resent only on the ventral satfacci where they 
are arranged m regular tnnsTerge rows The presence of 
spines only on the rcntral surface is a characteristic feataro 
of this Bppeies 1 he suckers ire ephencal and the ratio in 
their size is 4 ; 5. Tlie oral sucker lies at the anterior end 
OP 4 little behind it, facing Tcntrally, and measures 0 18 to 
0*28 ram in diameter The ventral sucker is median and 
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large convoluted knot in the posterior tlijrd of the body. 
The metraterm runs about the median plane of the body 
inwards to the cirrus sac, passing dorsally to the acetabulnm 
to open into the genital atrinm The eggs are oval in shape, 
measuring 0'042 inm in length and 0 017 mtn in 
breadth 

The Titellana lie onlside the intestinal cieca, nearer 
them than the hodywall. The vitellana commence 
behind the ventral sucker from about the beginning of the 
second quarter and terminate at about the end of the tliird 
quarter of the body. Each vitelline gland consists of a large 
number of follicles which ho close to one another in a 
continuous senes, not in dcBnitc gioups as m other 
species. 

The species is characterised by the elliptical shape of 
the body, presence of spines on the ventral surface only, 
large size of the rcoeptaculum scminahs, the ventral sucker 
being larger than the oral sockor, greater length of the 
intestinal emea in proportion to the length of the body, tho 
viicllarian follicles forming a more or less continuous chain 
and not divided up into separate grapc*hke bunches, largo 
size of tho cirrus sac, rounded form of the ovary, and the 
ventral subtorminal position of tho excretory opening It, 
however, resembles Ast loossii in the position and form of 
tho testes, shape of the cirrus sac, the length of the cesopha- 
gus and iotostmal emea, elliptical form of tho body and the 
ventral position of the excretory opening 

KEY TO THE SPECIES OF THE GENUS 
^STIOTUEMi'. I^. 

The key to the species of tho genus Azhotrcvia Lss as 
given by Mchra is modified hero in order to include tho 
present species and the emended kej is ns follows : 

Ovarj lobed ... ... •« Ast. too^iL 
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occnpiM nearly a ine<lian position at about tbo level of tbe 
inner marpm of tbo posterior half of tbe ovary. The recepta* 
cnlam setmnaUs la large and has more or less an elongated 
saccular form, measuring 0 93 mm in length and 0 29 mm 
in tnaxtmnm breadth in its posterior half In most cases it 
occupies an oblique position josl behind the ovary covering 
dorsalW tlio right intcstinat ciccani ond approaching the 
vitclhrun follicles of that side Tho Laiirer’s canal is a 
small narrow tube which runs parallel to the anterior half 
of tho rccoptaculum semmahs and then bonds otitwards to 
Open to the exterior slightly to the left of the imd-dorsal 
hue a little behind the IctM of tho shell gland mass 

The testes arc much lobed Tiiev are silnated m tbe 
middle one-third of the bodylength. In some specimens, 
however, the posterior testis may extend a little into the 
posterior third of the body Tho anterior testis lies a 
little distance behind tbo ovary to the left side tonchiagtbe 
inner wall of the left intestinal etecom It measures 0 58 
to 0 93 mm in length and 0*52 to 0 8 mm in maximum 
breadth. The posterior testis is slightly larger showing the 
same range of vanation in site as the anterior testis The 
vasa efterenti'i arise from the middle of the anterior margin 
of the testes and unite to form tbe vas deferens at the level 
of the middle of the ovary The vas deferens is of moderate 
length and runs parallel to tbe roetraterm The cirrus sac 
has thick muscular walls, measunng I OG mm. in length and 
0 33 mm in maximum breadth about the middle of its 
saccular part. It extends far behind the acetabulum, as far 
back as the middle of the ovarjt with its long axis median, 
to the tight or to tbe left side of the median line and paral- 
lel to the length of the body. Its narrow tabular terminal 
part lies dorsally to the right or left side of the ventral 
Bncker except near the /genital opening 

The nterus is much convolnted and both its ascending 
and descending parts pass betvreen the testes forming a 
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large convoluted knot m the posterior tlnrd of tho body. 

The metraterm rona ahont the median - plana of Ihc'body . 
Inwards to the cirrus sac, passing dorsally to the acetabulum 
to open into the genital atrium. Tho eggs arc oval in shape, 
measuring 0 042 iniii m length and 0 017 inm. in 
breadth 

The vitellaria he outside the intestinal caeca, nearer 
them than the bodj-wall. The vitellaria commence 
behind tho ventral sucker from about the beginning of tbe 
second cvnarter and terminate at about the end of the third 
quarter of tho body Each vitelline gland consists of a largo 
number of follicles which lie close to one another in a 
continuous senes, not in defioito groups' ns in other 
species. 

Tho species is characterised by the olliptical shape of 
the body, pceaeuco of epincs on tho ventral surface only, 
large sue of the rcceptacalam sommalis, tbe ventral sucker 
being larger than the oral sucker, greater length of tho 
intestinal cmea m proportion to tbe length of tho body, the 
vitellanan follicles forming n more or less oontinuons chain 
and not divided up into separate grape-liko bunches, large 
size of tho circus sac, rounded form of the ovary, and the 
ventral subterminal position of the excretory opening It, 
however, resembles foossii in the position and form of 
the testes, shape of tho cirrus sac, tlie length of tho ecsopba- 
gus and intestinal caeca, elliptical form of the body and the 
ventral position of tho excretory opening 

KEY TO TBE SPECIES OF THE GENUS 
A.STIOTREJIA LSS. 

Tbe key to tho species of tho genus Asitolremn Lss. a; 
Biven by Llehra is modified l.ere in order to inclndo lie 
ptesonl Booeics ond the emended hoj 13 es felloes : 

lel,ed ... ... •• Alt. loom. 
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occQpioa nearly a motlian position at abont llio lerel of tbo 
inner inarpm of the posterior half of the oiarj- The reccpta- 
cnlnm seromahs is larpo and has more or loss an elongated 
saccalar form. moasnnnK Od2oini in lonptli and 0 29 mm. 
in maximum breadth m its posterior half In most cases it 
occupies an oWiquc position just tiobind tlie ovat5 cosennp 
dorsally tho riplit intestinal ctfcom and approaching the 
vitellariao follicles of that side The Laurer’s canal is a 
small narrow tnbo vhich runs parallel to the anterior Imlf 
of the recppticalum seminalia and then bends outwards to 
open to the exterior elightly to the left of the mid-dorsal 
line a little behind the IctoI of tho aholl inland mass 

Tho testes arc much lobciL They are situated in the 
middle ono-third of tlio hodiylength In some specimens, 
lioweTOp, the posterior testis may extend a little into the 
posterior third of the body Tho anterior testis hes a 
little distance hehiod tho ovary to the left side tonchmj; the 
inner wail of the lefi intestinal etnenm It measures 0 58 
to 0 93 mm. in length and 0*52 to 08 mm in maximum 
breadth. The posterior tcsiia is ehghtly larger showing the 
same range of xariation in sito as the nnterjor testis. Tlie 
vasa efferentia arise from the middle of the anterior margin 
of the testes and unite to form the vas deferens at the level 
of the middle of the oxary. The vas deferens is of moderate 
length and runs parallel to tho metraterin, Tho cirrus sac 
has thick muscolaT walls, measuring 1'06 mm m length and 
0 33 mm. in maximum breadth about the middle of its 
saccnlat part It extends far behind the acetabulum, as far 
back as tho middle of the ovary, with tU long axis median, 
to the right or to tho left side of the median line and paral- 
lel to tfip length of tho body Its narrow tubular terminal 
part lies dorsally to the right or left aide of the ventral 
sucker except near the genital opening 

The nterus is mnch convoluted and both its ascendin? 
and descending parts pass between the testes forming u 
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(B) 


No of 
specimens 

At the end 
of vuellana 

At the ant end 
near the ant. 
marftm of the 
oral sucker 

At the post, 
end near the 
exo pore. 

1. 

1 67 mm 

042 mm. 

0 42 mm 

2 

1 85 mm 

042 mm 

0*58 mm 

3. 

0 QS mm 

0 53 mm 

0*64 mm 

4. 

1'59 inm 

0G8mm 

0 68 mm 

5. 

1 82 mm 

0 07 mm. 

I'OO mm. 

6. 

1*82 mm 

0 19 wi-M 1 

0 74 mm 

7. 

2 00 mm. 

0 2 mm. 

0 74 miD 


Table 3 

Shomng length of the body, the length and breadth of 
regroducUve and diyestiee organs. 


No of 

sped* 

mens. 

Length 

of 

oyary. 

Length of 

vitella- 

ria. 

Length of 

CBsopha- 

gus 

Length 

of 

pharynx 

Length 

ofcirnia 

sac. 

Length 

of ant. 
testis. 

1 

4 5 mm 

254 mm 

0 1 mm 

005 mm 

070 mm 

067 mm. 

2 

47 mm 

244 mm 

02 mra 

01 mm 

C88 mm 


3 


235 mm 

01 mm 

0 1 ram 

1 07 mm 

O-eO mm 

4 

431 mm 

2 54 mm 


Cl mm 

0 70 min 

06S mra 

P 

6'24 mro. 

270 mm 


.. 


069 mm. 

6 

6 10 mm. 

365 mm. 




003 mm 

7. 

672 mm 

36l mm. 




092 mm 
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OTary entire— 

(1) Intestinal bifurcation at posterior 

margin of central sucker . ^Isf-wionbcc/b. 

(2) Intestinal bifurcation m front of 

tbe Tentrat sucker — 

(0) Yitellanaterininatinp' at middle 

of the anterior testis ... xmphctufff 

(1) Yitellaria terminating behind 
the anterior testis — 

(i) Oral sucker slightly smaller 
than the Tcntral sucker yist 

Sp « 

(n) Oral sncker slightly larger 
than the ventral sucker— 

Diameter ofsnckers— 0 25-0 3 mm , 
testes broader than long— ^strem/crum ; 
Diameter of suckers — 0 3G*0 32 mm. ; 
testes longer than broad — Ast eioiigatum 


Tauuu 2 

Shoirhig the hreaHth of (Ac boAy in dtffcre/ti regtONS' 

(A) ___ 


No of 
specimens 

At the 
middle 
region- 

At ibe sol 
margin of 
ant teeli-". 

At the ant. 
margin of 
acetshulnoi 

At ihe posf 
margin of the 
post testis 

I 

2 mm. 

fUS tnm 

16.™ 

IBo mtn 

2. 

1 9 innJ. 

1 8 mnv 

1 49 mm 

187 rem. 

3. 

1 U mm. 

1-8 tnm 

143 mm 

1 38 mm 

4 

lt-1 mm 

1*73 mm. 

1 54 mm. 

IBl mm 

5 

~ I mm. 

2 mm 

1 43 mm 

1-97 mm 

C 

2 OS mm. 

2X^rani. 

1 69 mm. 

j-pG mm 

1 

2 mm 

2 .»». 

163 min. 

f92 mm 
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(B) 


No of 
specjraens 

At the end 
of vitelfaria 

At the ant. end 
near the ont 
nraririii of the 
oral suoker. 

At the post, 
end near the 
exo pore 

1. 

1 07 ram. 

0 42 mm. 

0 42 mm. 

2. 

1 85 ram. 

042 mm 

0'68 mm 

3. 

0 08 ram. 

0 53 mm 

0*64 mm 

4. 

I'SO mm. 

008 mm. 

0'G8 mm 

&. 

1 82 rara. 

0 07 imn. 

1 06 mm 

0. 

1*82 mm. 

0 1 $ mtt 

0 74 mm 

7. 

2*00 rara. 

02 ram. 

0*74 rara 


Table 3 

Shomng length of the bodtjt the length and breadth of 
reprodueUee and digesiUe organs. 


No of 
epeci- 
mens. 

Leocih 

of 

oTary. 

Length of 
Tjtella- 
riB. 

Length of 
a!«npha> 
gU9 

Length 

of 

phar> nx 

Length 
of cirrus 

Length 
of ant. 
testis. 

1. 

4 6 mm 

2'61 ram 

O'! mm 

005 ram 

OTO ram. 

0-67 mm 

2. 

4'? mm 

244 mm 

02 mm. 

GTl mm 

Of 8 mm. 

004 mm 

■1 

41) mm 

2 35 xnci. 

0*1 ram. 

O’! rara 

1-07 ram 

OfO mm. 

B 

4‘3fmm. 

2'6'1 mm. 


0-1 ram 

O’iO min 

058 mm. 

B 

624 mm. 

2T0 rora 


V.. 


©■CO ram 

0. 

Q’lO mm. 

365 ram. 

... 



0^8 nim. 

7. 

GTS nm. 

3t)l ram 



, ■ 
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Ovary entire — 

(1) Intestinal bifnrcation at poatonor 

inarpin of ventral sucker • 

(2) Intestinal liirurcation la front of 

tlie ventral sucker — 

(o) Yitcllnria tenmnatinp at innldto 
of the anterior testis ... 

(li) Yitellaria terminating bclunil 
tho anterior testis — 

0) Oral snekor slightly smaller 
tlian the TORtral sucker "• -tsl 

Sp «• 

(u) Ora! sucker slightly larger 
than the ventral sucker— 

Diameter of sockers— 0 25*0 3 mm ; 
testes hroaderthao lonp—yJst rrm/Vriim ; 
Diameter of eockers— 0 36*0 G2 mm. ; 
icstca longer than broad — j4jt eloiigalum 


Table 2 

S^otrtng the Irta^lh of Iht hodg tn dtfffrtiil regtoni^ 

____ (A) 


No of 
agocimena 

At the 
middle 
repon 

At the ant 
margin of 
ant testis 

At llie ant 
margin of 
acetabulum 

At the post 

margin of the 

post testis 

1 

2 mra 

I'RS mm. 

1 64 Rim 

I'Si mm 

2. 

1 9 IBItl. 

1-8 mm 

1 48 mm 

j g7 mm. 

3 

1 g mm 

I'd mm 

143 mm 

138 mm 

4 

174 mm 

1 73 mm. 

1 54 iDtn 

ICI mm 

6 

2 1 mm 

2 mm. 

143 mm 

I'ST mm 

0 

2 08 mm. 

203 mm. 

1-C9 mm 

l-OO mm 

7 

S o.™ 

2 mn, 

1 63 mm. 

1-02 mm 
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Titc vrx«nn\D oj*ivEnsnY srcpirs 


No. o! 
apcoi- 
mens 

Ijonsih 
ot po*}l 
teslis 

1 

Lenslh 1 
of ' 
ovary j 

1 

Breadth 
of the 
miroa 
sao in (ho 
tniddlo 
regioa 

BrOadth 
of ant 
(eslis 

i 

Breadth 
of post, 
loatta 

1 

1 Breadth 
o! 

ovary. 

1. 

064 inm 

037 rum 1 

023 mm 

,058 mm.' 

ffiM mm j 

0‘29roro 

2 

lOR-Mnni ' 

1 0 37 mm , 

.032 mm 

053 mm 

0-72 mm , 

029inni 

3 

loC3 mm 

0^2 tnm j 

0 32 mm ^ 

0C8 mm. 

O'?! ram ! 

0^7 mm 

4 

1 0-W mm 

0'42 mm. 


085 mm 

074 ram. 

CSS mm 

5 

063 mm 

032 mm 

032 mm 

0C8 mm 

0 7J jujn 1 

0*35 ram. 

6 

1 02 mm 

049 (sm 

I 

0^2 mm. 

085 mm. 

O-SS mm 

7 

O'OS mm 

0'47 ram 

i 

0^0 mm 

0^7 mm 1 

0‘37 mo. 

1 
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nXI’LANATIOS or LETTERING 
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Sp 
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Ta 
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Ut 
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Vt 

ntellaria 

Vt du 

Vitelline duot 

VtR 

. TtCelline reservoir. 

V Sem. 

.. vesicula sommalis 

Cu 

. culiole 

V 0 

.. Ventral gland 













ON NEW DISTOMATE TREMATODES OF THE 
SUB-FAMILY TELORCHUNAE (FAMILY 
LEPODERMATIDAE) WITH A SYSTEMATIC 
DISCUSSION OF ITS GENERA 

BY 

H R. MEHRA, M Sc , Ph D (Oaniah) 

Reader %n Zoology, Unioeretiy of Allahabad (India) 

AND 

M A. BOKIIARI, MSc.. 

Resenroh Scholar, Umverstty of Allahabad (Indin), 

The <l(9toioe3 of the sub-family Tolorchnnro liaro 
rocciTcd a coasiOorablo aUcntion by tho various ^^orke^B on 
tho {iroup in Europe, America, and Australia but wo iiavo 
had no account of any Indian species till now Tho presont 
paper deals with a new genus Paracercorchis commonly 
found in a frosli water tortoise Kachttga dJiongoka at 
Allahabad and a now species of the genus Cercorchis also 
met with in tlie same host. 

Perkins m 1928 created two now genera, Lccithopyge 
and CercolecithoB for Opisthioglgphe ra$tellmi Olsson and 
Cercorchit arrectm Molm respectively including thorn along 
with l/racA/^saccMs and DoUehosarewi in tlio eub-faniily 
Tohrchiiace. Trai'aciffos m lOSQ has ccmhinod Optflhh- 
gJgpJie nnH lhachysaccae in tito genus Opi^lhioglgphe, and 
LfCtffiopyge and Dolichosaceus in tho genus l)oUc/toyiLCu<s, 
thus reducing tho number of these genera from four to two 
only. While wo agree with Travassos In assigning 
Ltctlhopyge rasUUiim lo Polhhoiaccits, we maintain that 
Opi^lhtoglgphe and Braehffeaccus should bo recogni«ed as 
separate genera. The genns Opisthioglyphe, winch ha8«»»,^ 
47 
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been incladeii by Bome authore in thn snb-fatniiy Lepoder- 
tnatmjE roust be assigned to tUo sub-family Telorclninffi 
as it closely resembles the Rencra BracJky$aceus and 
Doiichosaccus — a fact vlncli was pointed out before bj 
Jobnston Ut)12), Pcrtins (1928), anil TraTassos (19301 

Stunbard in 19iC combined tbe genera Teforf/us and 
Cercorrhi in one genus called Telorefus, but Terkina in 1928 
following tbe previous AN orkcrs.ic ,Loos3 andLfibe Bcparated 
and recognised them again as separate genera winch lie 
defined While wo are in agreement with tbo latter author 
in this respect, wo find that i’flrncercoreftis' nov gen 
combines m itself several important feitnres of the genera 
Cereorchts and Ttlorehi^ and also tlirons some light on 
the rolationalupa of the genera i*r<iffncJ and C'reolfetlkos 
Tbo sub-family Telorebitom belongs no floobt to th® 
family Lspodermatida! as discussed by one of us in 1931 
TheY'sliaped evcrctory bhiddcr with a long median stem, 
the citrns sac with its contained organa, and the position of 
the ovary and tliat of the genital pore m tbo Tclorchims 
are very similar to those of the typic.il licpodermatidco , 
but the position of the testes behind tlic uterus and near 
the binder end of the body sharply separates this sob-faniily 
from the other Bub-familics of the Lepodermatidcc Though 
m Telorehis and some species of Opisthioghjphe and 
Dolichosaeeti$, the testes he more forward midway between 
the genital aperture and the posterior end of the body, 
the nterns does not extend behind the testes to the hinder 
end as in the other Bub-familics of the Lepodermatidm 

The cirrus aie and metraterm are exceedingly long and 
coiled in CercorcAis dhongotU — a feature which gives 
this species a unique distinction in tbe TelotchiinEe , but as 
it resembles m almost all other points the other species of 
the genus Ccrcorekis, the great length of the cirrus sac 

* Bssigit TeJereJit*}>amr{Bmia) to Pafafalorehtt oot 

gen 
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and mctratcrm cannot bo considered ns cliaractora of inoro 
than specific rank. 


Paracorcorchis Pollucidus nov. gen t nov. sp 

Out of thirty specimens of Kachuga dhongoJea examined 
daring 1930, only two were fonnd to contain within the 
upper part of their small intestine forty mature specimens 
of this parasite One immature specimen was also obtained 
in 1929 from tho same host 

The distome la blackish m coloor in the middle third 
of the body on account of the vitellarm and the innumerable 
eggs contained withm the nterus. hut the anterior and the 
posterior regions aro greyish white In entire inonnts the 
specimens measure 7*12 mm in length and 1*7 mm. m 
breadth m the region of tho ovary and 1 4 mm. m that 
of the anterior testis. The anterior end is bluntly pointed 
and the posteiior somewhat rounded. The anterior two* 
third of the body is covered with small backwardly pointed 
spines, which are numorous near tho anterior end and which 
gradually decrease m number from before backwards till 
they disappear completely near tho hinder end of the 
vitellana The oral sucker is slightly larger than the 
venttal sucker measuring 0 28 mm in diameter, but in the 
immature specimen it is double the size of tho ventral 
sucker. i The ventral sucker measures 0*27 mm and is 
situated 2 0-2 6 ram distance behind tho anterior end, %.e., 
at the end of the first one-quarter body-length. Tho genital 
opening lies slightly to tho left, 0*44 mm distance in front 
of the ventral sucker 

The pre-pharjnv is absent, the pharynx is globular 
measuring 0'225 mm. in diameter. The msophagus is short, 
0 2 mm m length and liifurcaics almost behind tho pharynx 
into tho wider intestinal escca which terminate a little in 
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front of the posterior end The cttca are somewhat 
awollen at their ends Tlieir wall is composed of a single 
layer of colnmnar epithelmm sarronnded by a lajcr oi 
circclar and longitndinal muscle hbrcs. In the immature 
Bpecimen the ptc-pharyiiT is absent and tlie (esophagus is 
longer than that in the mature specimens 

The testes ho in tandem near the posterior end of the 
body and have a deep notch at tlieir posterior margin which 
gives them the appearance of a tnaromahan kidney. The 
posterior testis lies about 1 mm distance m front of the 
hinder end and O'l mm distance behind the anterior 
testis Both testes are broader than long and of almost 
equal size measuring 0'8 mm m breadth The vnso efferen' 
tia which could only be traced in sections arise as narrow 
ducts from the anterior surface of the testis. The vas 
deforens after entering the cirrus sac swells up to form a 
coiled thin-walled vesicula scmmahs. The cirrns sac, 1 ffliR 
long and 0*3 mm broad at its posterior end, is crescent- 
shaped and has thick walls composed of longitudinal muscle 
fibres It 19 situated to the right side of the ventral sucker 
and partly overlaps it, extending behind as far as the ovary 
The vesicula seminalis as usual is filled with sperms and 
occupies nearly one-tbird length of the cirrus sac Its 
terminal tubular part which may bo called the duct of the 
vesicula semiuabs consists of two ports, a proximal narrow 
muscular tube of 0 05 rom length and 0 007 mm breadth, 
and distal broader pari 0 22 rom long and 0 022 ram. 
broad ; the latter is somewhat coiled and opens by a val- 
vular opening into the pars-prostatica. This duct with its 
valvular opening probably controls the passage of sperms 
from the vesicula seminalis into the pars-prostatica- The 
pars-prostatica is tubular, roeasunng 0 35 rom. in length 
and 0 022 nun in breadth, and is surrounded by the usual 
type of the prostate gland cells- The cirrus is small, 
piuscnlar, and bnob-hke. 



DlBTOMEH or THK BUn>tAlllLV TELOnCTIH.VAR Hi 

Tlio roundrd OTaryi 0*12 inm. in (hamcfor i« piiciaffd 
jniinedmtoly liehiml tlie cirrus eae, usually louchinf,' tlio 
fiRlit intrstinnl crccum, at 0*37 niiii distance beliind tlie 
senlral sucker A short narrow cihatcd oviduct, 0 03 tnm. 
in length and 0 012 im» in hremllh arises from the inner 
margin of the ovary near its posterior end and joins the 
email rather inconspicuous tliick-walled dnet of the rccepta- 
culum-scminis to form tho ootypo, where also the liaurcr’s 
canal joins from tho opposite eidc The receptaculuiii'Senii* 
ni3 IS ^^lm•v^nllod and roonded, measuring 0'I2 mm. in 
diameter It lies dors illj in the Imdy and is always filled 
with sperms Tho Ijsiarcr’s canal. 0*173 mm. long ond 
0*025 mni. broad, is a tlnck-svalicd ciliated duct which 
runs posteriorly to open to the exterior in tho mid-dorsal 
lino hy a minuto pore situated close behind the sheli-glaod- 
mass. Soon after tlio junction of tho Ijauror's canal with 
the oviduct tho ootypo turns veotrally to roccivo a small 
duet from tho yolk reservoir And then becomes surroanded 
by tho shell-gland^colls before passing into the otonis. The 
Bhell-gland-cella of tho usual typo arc radially arranged 
around tho ootype into which they open by their long 
narrow fibrillar ductules. The uterus arises ns a narrow- 
tube which turns towards the right side coiling spirally to 
form tho right dcsccndiog utorino coils. The descending 
uterus after reaching the anterior testis turns towards tho 
left side to form the similarly coiled ascending uterus, 
-which runs forward close inside the left intestinal ciccum. 
Its terminal end becomes less coiled and joins near tho 
ventral sucker a short muscular mctratorca of 0*8 mm. 
length, winch opens into the common genital atrium in front 
of the opening of tho cirrus sac 

The vitellaria lie laterally outside tho intestinal emea 
both coiumencing the same level, 012 mm distance behind 
the 1 ovary and tcrimaating a 'short distance in front 
of the anterior testis, but not at the same Je>el , .the left 
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front of the posterior ond The creca are eomewhat 
swollen at thoir ends Their wall is composed of a single 
layer of colnmnar epithehnm surrounded by a layer of 
circular and longitudinal mnacle fibres. In the immature 
specimen the pre-pharynx is absent and the msophagus is 
longer than that in the matore specimens 

The testes lie in tandem near the posterior end of the 
body and ha’re a deep notch at their posterior margin which 
giTCs them the appearance of a mammalian kidney* The 
posterior testis lies aboot 1 mm distance m front of the 
binder end and O’l mm distance behind the anterior 
testis Both testes are broader than long and of almost 
equal size measuring 0’8 mro in breadth The vasa efferen* 
tia which could only bo traced m sections arise as narrow* 
ducts from the anterior surface of the festts The 
deferens after entering tho citrus sac swells up to form* 
coiled thiQ-walled resicula semmahs The cirrns sac, 1 mm 
long and O'l mm broad at its posterior end, is crescent- 
shaped and has thick walls composed of longitudinal muscle 
fibres. It is situated to the right side of the ventral sucker 
and partly overlaps it, extendiog behind as fat as the ovary* 
The vesicula semioalis as usaal is filled with sperms and 
occupies nearly one-third length of the cirrus sac If® 
terminal tubular part which may bo called the duct of the 
vesicula seminalis consists of two parts, a proximal narrow- 
muscular tube of 0 05 mm length and 0 007 mm breadth, 
and distal broader part 0 22 mm long and 0 022 mm- 
broad , the latter is somewhat coiled and opens by a val- 
vular opening into the pars-prostatioa This duct with its 
valvular opening probably controls tbe passage of sperms 
from the vesicula seininalis into the pars-prostatica The 
pars-prostatica is tubular, measuring 0 35 mm in length 
and 0 022 mm in breadth, and is surrounded by the usual 
type of tho prostate gland cells. The cirrns is small, 
lunscuhr, and kuoh-hke, i ' 
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level w ith it as m Cej corc^TS Paracercortliis differs from 
Telorchts m the position of the testes, which in the latter 
genns he midway between the ventral sucker and the 
hinder end. In Telorchis the genital pore lies to the left 
side midway between the ventral sucker and body margin, 
and the vitellaria extend behind and over the testes. 
Paracercorchxs resembles the genus Telorchis only in the 
relatively small size of its cirrus sac It clearly follows 
from the foregoing points that Paracercorchts deserves the 
rank of a genus and though it combines in itself some of 
.the characters of both the genera Cerconhis and Telorchis, 
it resembles the former more closely than the latter. 

Diagnosis of the genus Paiacer torch is — "With the 
characters of the sub-family Body smooth or covered with 
spines Suckers of about equal size Genital aperture some 
disUaco m front of the ventral sucker slightly to the left side 
Testes strictly in tandem, at the posterior end of the body, 
rounded or broader than long and kidncyshaped with a 
notch on their posterior margin. Cirrus sac short extending 
a little distance behind the ventral sucker and situated to the 
right side. Vesicula seminalis coiled and joined by a duct 
to the long pars-prostatica. Cirrus small and knob-like. 
Ovary rounded situated in the anterior half of the body 
close behind the cirrus sao to the right side. Keceptaculum 
Berninis and Laurer’s canal present Uterus inter-cmeal with 
descending and ascending uterine coils separated and regu- 
larly arranged m right and left halves of the body- Vitellaria 
laterally situated close outside the intestiualcscca, commencing 
behind the ovary and terminating a little m front of the testes. 

llEMAItKS ON THE RELATIONSHIPS OF THE 

YAIUOUS GENERA OF THE TELORCHllNAE 

^Ye give the following tree indicating the probable 
phylogeny of the genera of the eub*family Telorchiinm. Tho 
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gland being always longer terminates more posteriorly. 
Each yolk gland consists of a large number of follicles, 
arranged m grape like bunches of twenty to thirty each- 
The lobes of the right, ttsnaily nine in number, are quite 
distinct, but those of the left one, about twelve in number, 
show a tendenej to merge into each other. The longitu* 
dmal vitelline ducts tie in the narrow space between the 
intestinal emea and tbo vitcllaria and unite to form the 
transverse vitelline ducts in lei el with the second lobe of 
vilellaria The transverse vitellmc dnets ran obhqnelv 
forwards towards the mid-ventral line and unite to form a 
yolk reservoir from which a cooiniou vitelline duct runs 
anteriorly to join the ootype in the ehell-glaod-roass 

Tho excretory bladder is typically V-shaped The 
long mam stem bifurcates behind tho ovary into the two 
cornua, which receive the common collecting ducts 
and their branches from the body on each side The ova 
measure 0 0375 mm by 0 0175 mm in sue. 

STSTEM^TIC POSITION AND DIAGNOSIS OF 
PARACERCORCHIS 

There is no doubt that Parac€rcorchts is closely 
related to CercorcAis and Telorelns which we recognise as 
separate genera, distinguished from each other by the sue 
of the cirrus sac and the position of the genital pore, testes 
and the vitellana. The genus Faracereorchis resembles 
Cercorehis m the vitelline glands teairicted to the regions 
between the ventral sucker and the testes, larger number 
of follicle groups m the left Mtelline gland, and the tandem 
position of the testes at the binder end of the body bat 
dificrs remarkably in the size of its citrus sac and the 
metraterm (exceedingly long and coiled in Gercorchts), m 
the genital pore sitnated slightly to the left a short dis- 
tance in front of the ventral sucker, and the vitellana 
commencing behind the ovary and not in front of it or i® 
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level \Mtli it as in CcrtorcAis Paracercorchis differs from 
Telorchis in the position of the testes, which in the latter 
genus he midway between the ventral sucker and the 
hinder end. In Telorchis the genital pore lies to the left 
Bide midway between the ventral snekor and body margin, 
and the vitellana extend behind and over the testes. 
Faraceriorchis resembles the genus Telorchis only m the 
relatively small size of its cirrus sac It clearly follows 
from the foregoing points that Paracercorchis deserves the 
rank of a genns and though it combines in itself some of 
.the characters of both the genera Cerconhis and Telorchis, 
it resembles the former more closely than the latter. 

Diflr^nosis of the genus Paracercorchis — With the 
characters of the enb-faraily. Body smootli or covered with 
spines Suckers of about eqnal size Qcnital aperture some 
disUnco in front of the ventral sucker slightly to tbo loft side. 
Testes strictly in tandem, at the posterior end of the body, 
rounded or broader than long and kidncy’shaped with a 
notch on their posterior margin. Cirrus sac short extending 
a little distance behind the ventral sucker and situated to the 
right side VeBicula semmaUs coiled and joined by a duct 
to the long pars-prostatica Cirrus sma!) and knob-like 
Ovary rounded situated in the anlcrior half of the body 
close behind the citrus sac to tho right side. Kcceptaculum 
sonnnis and Lauror’s canal present. Uterus intcr-cmcal with 
descending and ascending uterine coils separated and regu- 
larly arranged in right and left halves of the body. Vitellaria 
laterally situated close outside tho intestinal Cipca, commencing 
behind the ovary and tormioatiDg a httlo m front of tho testes. 


UDlAllKS OX THE HELATIOXbUIPS OF THU 
YAIUOUS GENEHA OF TUB TELOBCUUNAE 

^Vc give tho following tree indicating the prohablo 
phylogeny of the genera of tbo Bub-family TclorcLiiua' 1 he 
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gpnua DoUchosaccus m which wo mclado Lcctlhopyge 
r(i$lcUum occupies the base of tins tree on account of a 
number of priroitiro featufes such as (i) the great variabiiity 
in the position of the genital pore which thouirh it Hes close 
ID front of the ventral Buckcr m Dotit hoiaceus raslellus has 
wandered a^\a3 in the other epecies of the genus so as to 
lie close behind the intestinal bifurration. The genital pore 
in the other genera has become fixed either close in front 
of the ventral sucker ns in Cercorekis or more m front as 
m ParacercorchiSt or still further forward as in Braehy^occtia 
or forward and more lateral as m Prolenes (n) The casual, 
winding of the uterns into a few coils and its simple 
cxpaoaion during its course between the ovary and the 
testes m DoUchoiactui should also be regarded as a 
pnmitive feature, (ui) The enormous development of the 
vitcllaria and the scattering of the vitelline follicles anj' 
where lo the body that can provide sufficient space, (it) Its 
habitat in the gut of Ampbibun hosts end its distribution 
m Europe and Australa. 

From DoUehoiat'M wc can derive the genera 
Opisthoglyphe and Brachysafctts which closely resemble 
it in many features In Opislhiogtyphe the cirrus sac 
has shifted forwards so as to he close in front of the 
ventral sucker except in one species* i c., Opistkioglypft^ 
IfKfllus in which it occupies a primitive position adjacent 
to the ventral sneker. Tbo genital pore has also shifted 
forwards and occupies a more or less varying position in 
the different species. The main stem of the excretory 
bladder is short and biforcatee behind the testes into 
the two cornua of about the same length as the mam stem 
which we consider a secondary condition characteristic 
of this genus onlj. 

The genns PraehysatLM should be separated from 
Opi$thtoglyphe, m which Ttavassos has inclndedit on account 
of the position of genital pore near the pharynx, shape 
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and position of the cirrns aac, the ovary i)eing situated some 
distance behind the ventral sucker, the great development 
of the utorus, and the greater length of the mam stem 
of the excretory bladder ^hich bifurcates in front of the 
testes and not behind them Braehtjsaccus jimmlis Nieoll, 
■which resembles Opit>tkioglt/phe rana m the general shape 
and relative position of its organs probably forms an 
intermediate species between the two genera 

“We accept the genus Cercoleeithos Perkins for the 
species Cercorchis errectus Molin It appears that this 
genus occupies an intermediate position between Doheho- 
sacciis and TelorcJtts on account of the great development 
of the vitollaria and their extension behind and over the 
testes and the coiling of the uterus into distinct ascending 
and descending tracts, but it is more primitive than 
TelorchiB oo account of the position of its genital pore, 
which lies median immediately m front of the ventral 
Backer. 

As pointed oat before the genus Paractrcorchs stands 
between Ccrcorc/iis and Telorchis P? ofewes should be con- 
sidered as a specialised off-shoot from Cercorchi3 on account 
of the much forward and lateral position of its genital pore. 
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circular rauscle fibres Butrouoded by a layer of longitudinal 
jUQSclc fibres. The prostate gland cells form a large mass 
which almost fills the interTemog space between the para- 
proatatica and the cirrus sac. At about the middle of the 
lengtii of the cirrus sac, the pars-prostatica passes into an 
extremely long and wonoos cirrus of 3 45 mm length, 
about the same length as that of the former The cirrus 
has thick muscular walls composed of an outer thick layer 
of longitudinal muscle fibres arranged in bands surrounding 
an inner layer of circular muscle fibres, it is entirely devoid 
of epithelmm and is hoed intornall} by tbe thick cuticle- 
In the retracted condition when it lies contained within the 
cirrus sac, it is produced into a number of narrow longitn- 
(Imsl outgrowtlis aud is surrounded by a tiiick mass of 
fibrous pareuchyma which fills the entirely interreoing space 
between it and the cirrus eac. 

The ovary is situated a little in front of the middle of 
the body to the right side lo level with tlie basal end of the 
citrus sac It is spherical, but lu the flattened epecimens it 
appears transversely elongated presenting an ovahsh outline, 
measuring 0 29 mm m length and 0 63 mm m breadth The 
ovidnct 18 ciliated It arises froni the middle of the posterior 
margin of the ovary , and after Tanning dorsally tovtards 
the left for a ehort distance it turns towards the right side 
to join the Laurer’s canal and the yolk reservoir The re- 
ceptacnlura seminis is rery small rather rudimentary repre- 
senting the mtcraal end of the Laurer’s canal The Laurer s 
canal is slightly coded and ciliated , it opens to the exterior 
dorsally in the region of the ovary by a small pore lined 
Mith Cuticle The ootypo is aurronnded by the radially 
arranged sUell-glands of the usual shape The uterus is 
much coiled, overlapping the intestinal c3?ca and eonaist* 
iDg of the right descending and tbe left ascending parls 
which are not easily distinguishable. It joins the long 
muscular metraterm of 5 mm length and 0 225 mm breadth 
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at abont tbo level of the jnnctioii of the pais-prostatica 
with the cirrus The metraterm is coiled like the cirrus 
sac and is composed of a thick layer of longitudinal muscle 
fibres, surrounded by an equally thick layer of circular 
muscle fibres. The ova are small measuring 0’0375 mm. 
m length and 0*0175 mm in breadth. 

The vitellaria lie laterally near the body-wall over- 
lappieg dorsally and ventrally the intestinal cffica and 
the lateral extensions of the uterine coils They commence 
1*8 mm. in front of the ovary, t e. about the middle of the 
distance between the latter and the ventral snekor, at 
about the junction of the uterus with the metraterm and 
terminate in front of the testes but not at the same level. 
The left yolk gland is longer and terminates always behind 
the right one Each vitelline gland is composed of a 
large number of follicles arranged in lobes of 30— '50 each, 
which neatly cun into each other to give the gland a 
band.sbaped appearance. There are twelve such lobes 
in the left gland and nine m the right one The trans- 
verse vitelline ducts arise immediately behind the ovary 
and unite together to form a small vitelline reservoir 
which lies dorsally on the shell-gland-mass 

The excretory bladder is V-sliaped , the long main 
stem bifurcates iinniediately behind the ovary into two 
cornua, which extend as far forwards as the ventral 
sucker. The excretory opening is situated at the hinder 
end of the body. 

Dtagnosis of C. dhongohn . — Body elongated, spinous, 
broadest anteriorly. Qcnital opottuxe irarocdiatoly in 
front of the ventral sucker. Suckers equal in size, 
ventral sucker situated at the end of tbo first one-sixth 
body-length. Pre-pharynx and (esophagus absent ; 

. intestinal emea terminating near the hinder end. Testes 
strictly in tandem at the hinder end ; anterior testis 
slightly smaller than tho postenor. Cirrus sac exceedingly 
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circular muscle fibres Burrouuded by a layer nf longitudinal 
muscle fibres. The prostate gland cells form a large mass 
which almost fills the intervemns: space between the pars- 
prostatica and the cirrus sac At about the middle of the 
length of the cirrus sac, the pars-prostatica passes into on 
extremely long and sinuous cirrus of 3 45 mm length, . 
about the same length as that of the former. The cirrns 
has thick rauscnlar walls composed of an outer thick layer 
of longitudinal muscle fibres arranged in bands surrounding 
an inner layer of circular muscle fibres, it is entirely devoid 
of epithelium and is heed lutcrnTlIy by the thick cuticle* 
In the retracted condition when it lies contained within the 
cirrus sac, it is produced into a number of narrow longitu- 
dinal outgrowths and is surround^nj bj a tlnok mass of 
fibrous parenchyma which fills the entirely inlerToning apace 
between it and the cirrus sa^ 

The OTary is situated a little in front of the middle of 
the body to the right sldo io level with the basal end of the 
cirms sac It is spherical, but m the fiattened specimens it 
appears Iransrefsely elongated presenting an orahsh outline, 
measnrmg 0 29 mm. m length and 0 63 inm in breadth Th® 
oTiduct IS Ciliated It arises from the middle of the posterior 
margin of the ovary ; and after runniug dorsally towards 
the left for a short distance it turns towards the right side 
to join the Laurer’s canal and the jolk reservoir The re- 
ceptaculnm eeminis Is very email rather rudimentary repre- 
senting the mteraal end of the Laurer'a canal The Laurer s 
canal is slightly coiled and ciliated , it opens to the exterior 
dorsally in the region of the ovary by a small pore lined 
with cnticle The ootype is surrounded by the radially 
arranged shcll-glanda of the usual shape The uterus is 
much coiled, overlapping the lutcstinal cieca and consist- 
ing of the right descending and the left ascending parts 
which are not easily distinguishable. It joins the long 
muscular metraterm of 5 rom length and 0 22a mm breadth 
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at abont the level of the junction of the pais-proslatica 
^sith the cirrus. The metraterm is coiled like the cirrus 
sac and is composed of a thick layer of longitudinal muscle 
fibres, surrounded by an equally thick layer of circular 
muscle fibres. The ova are small measuring 0 0.'175 mm. 
in length and 0'0175 mm in breadth. 

The vitellana lie laterally near the body-^vall over- 
lapping doraally and ventrally the intestinal emea and 
the lateral extensions of the uterine coils They commence 
1*8 min. m front of the ovary, t e., about the middle of the 
distance between the latter and the ventral suclcor, at 
about the junction of the uterus with the metraterm and 
terminate in front of the testes but not at the same level. 
The left yolk gland is longer and terminates always behind 
the right one Each vitelline gland is composed of a 
large number of follicles arranged in lobes of 30^60 each, 
which nearly ruu into each other to give the gland a 
band-shaped appearance. There are twelve sncli lobes 
in the left gland and nine m the wght one. The trans* 
verse vitelline ducts arise immediately behind the ovary 
and unite together to form a small vitelline reservoir 
winch lies dorsally on the shell-gland-mass 

The excretory bladder is T-shaped , the long main 
stem bifurcates immediately behind the ovary into two 
cornua, which extend as far forwards as the ventral 
sucker. The excretory opening is situated at the binder 
end of the body. 

Diagnosis of C. dhongoku . — Body elongated, spinous, 
broadest anteriorly. Genital aperture immediatoly in 
front of tbo ventral sucker. Suckers equal in size, 
ventral sucker sitnated at the end of the first one-sixth 
body-length. Pre-pharynx and oesophagus absent , 
intestinal cteca terminating near the hinder end Testes 
strictly m tandem at the binder end ; anterior testis 
shghtly smaller than the posterior. Cirrus sac exceedingly 
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circular muscle fibres surroanded by a layer of longitudinal 
muscle fibres. The prostate gland cells form a large mass 
•which almost fills the interTeuiDg space between the pnrs* 
prostatica and the cirrus sac At about the middle of the 
length of the cirrus sac, the pars-prostatica passes into an 
extremely long and sinuous cirrus of 3 45 mm length, > 
about the same length as that of the former The cirrns 
has thick muscular walls composed of an outer thick Inj^^ 
of longitudinal muscle fibres arranged in bands surrounding 
an inner layer of circular muscle fibres , it is entirely deTOid 
of epithelium and is hoed internally by the thick cuticle- 
In the retracted condition when it lies contained within the 
cirrus sac, it is produced into a number of narrow longdn- 
dinal outgrowths and is eurronudf-d by a thick mass oi 
fibrous parenchyma which fills the entirely intervening space 
between it and (he cirrus eac. 

The ovary is situated a little in front of the middle e 
the body to the right eido in level with the basal end of the 
cirrus sac. It is spherical, but in the flattened specimens i 
appears transTersely elongated presenting an ovalish outline, 
measuring 0’29 niin. sa length and 0 63 mm in breadth The 
OTiduct 18 ciliated It arises from the middle of the posterior 
margin of the ovary , and after running dorsally towAf 
the left for a short distance it turns towards the right si c 
to join the Lanrer’s canal and the yolk reservoir The re- 
ceptacolum seminis is very small rather rudiment.'vry repn^ 
aenting the mtornal end of the Lanrer’a canal. The Laurer 
canal is slightly coiled and ciliated , it opens to the exterior 
dorsally in the region of the orary Ly a small pore ■ 
with cntlcle The ootype is surrounded by the radia T 
arranged shell-glands of the usual shape The uterns 
much coiled, overlapping tho intestinal cteca and consi 
ing of the right desceuding and the left ascending ® 
which are not easily distinpiishabte It joins the 1^°^ 
mnscular roetratem of 6 mm. length and 0 225 mni brea t 
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long, tulmlar, and sinnoos. lletraterm sinaoug and exceed- 
ingly long, nearly of the same length as the cirrns. OTary 
situated to the nght side in level with the basal end of the 
cirrns sac Ijaurer’s canal present , receptacnlnm senunis 
very small and rudimentary Vitellana laterally situated near 
the body-wall orerlappiBg the intestinal cstca, commencing 
behind the ventral socher at nhont the middle of the 
distance between the latter and the ovary, and terminating 
m front of the testes but not at the same level, the right 
gland ending in front of the left Uterus extremely 
coiled overfapping the intestinal cttca. Excretory bladder 
"y-ahaped, the mam stem biforcaling immediately behind 
the ovary and the corrma extending as far as the veatraJ 
sucker. 
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ON CYTOPLASMIC INCLUSIONS IN THE 
OOGENESIS OF SCYLLA SERRATA (FORSK) 
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INTRODUCTION 

Recent work oo the oogenesis of vorioos nnimals iina 
shown that tiie part plajod the rarlous cytoplasmic in* 
elusions varies in nature considcrabl)' in iIilToront organisms 
So far ns tho Crastoooa nro concorned, tho only recent 
rontrlhutions are thoso of Ilarvoy on the Plymouth shore 
crati, Carciuus luaenas.nnd of Ktug on n primitive tsopod, 
OntHCus. The Indian cruatneenns hnve lain totally un- 
explored, nnd there is, therefore, enough justificatjon for 
undertaking the present piece of work. 

In OniscQs, King (42) has found Itiat the Golgi elements 
form the fatty yolk nnd that there are no nucleolar extrusions 
UAe U Umiw uay w-ii. 'sVAth. w.a? W 

lioinologous with the ** Yolk uuclcus of Rvlhiani *’ Proleid 
yolk, on the other hnml. was ohserveil to hate been formed 
in relation to mitochondria- A peri-nuclcar xono of 
piUochondris has liccn notcil and after the formation of this 
Tone th*' mitochondni are said to swell np and gWe rlsn to 
piotchi yolk. 

is 
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INTRODUCTION 

Recent work on tlie oogcocsjs of various onimftls lias 
shown that tl»e part plajcd hj tho various cytoplasmic in- 
clusions varies in nature considerably in dilforoDt orfipinisms. 
So far as tho Crustacea nro concerned, tlio only recent 
contrihntions are those of Harvey on the riymoulh shore 
crab, Oarcinui mcnas, and of Kins on a primitive Isopod, 
Oniscus. The Indian crustareans have lain totally un- 
explorcil, and there is, therefore, cnouph justification for 
undertaking llio present piece of work. 

In Onisens, King (42) has found tliat the Golgi elements 
form the fatty yolk and that there are no nucleolar extrusions 
nor is there any area which may be considered to be 
homologous with the “ Yolk nucleus of Rnlhhni.” Rroteid 
yolk, on tho other hand, was ohsorved to have been formed 
in relation to mitochondria. A peri*nnc!ear rone of 
mitochondria has been noted and after the formation of this 
reno the mitochondria are avid to swell up and give ri«o to 
proteij yolk. 
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Harrey (36) vrorked oat the cytoplasmic inclasions with 
special reference to yolk-formation la the oogenesis of 
Caremus and has recorded interesting results In the 
younger oocytes he coald not discern the “ Yolk nucleus of 
Balbiani ' area He has come to the conclusion that fatty 
yolk 13 formed indepcndcatlj m the cytoplasm and alhu- 
nnnous yolk is produced in relation to Golgi bodies and 
probably also mitochoadria.” 

Tiic rcsnlts noted above anggested a further examina- 
tion with a view to throw more light on the method of yolk* 
formation in crabs This work was also taken up by l^ath 
and hi8 collaborators at Lahore bat doe io pancity of 
xnalerial no conclusive rcsoUs could be recorded- 

MATERIAL AND TECHNIQUE 

The specimen* were collected near the delta of the 
river Ganges in Calcutta at fortnightly interraU from the 
month of September onwards The female specimens col* 
lected for this work coold easily be identified and distm* 
gutshed from the male ones by the fact that they are of 
smaller size and possess a broad abdomen loosely attached 
on the ventral side of the thorax. The male specimens, on 
the other band, are larger lU size and each possessps a 
coaicsl abdomen and clasping organs 

In the month of September, female specimeus of 
varying sizes were dissected bnt the ovary was so feebly 
developed in this season that even in tho largest specimen® 
nothing but a mass of germioal epjtlieljal cells could be 
obtained in the form of a delicate transparent glaod-bke 
tissue This tissue lying Joat beneath the dorsal carapace 
ID the form of two coiled stniigs across the hepalo-pancreas, 
develops gradually into a thicker ramifying mass in th® 
specimens obtained doniig the moDths of October and 
November. In the early period of the month of October 
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the ovary is fully packocl with just differentiated oogomal 
stages and a few young oocytes By the end of the month 
of October and onwards till December wo could find oocytes 
of various stages Thus the most fruitful results were 
obtained from the experiments carried on from the month 
of October till the end of January The ovary during this 
period begins to become mature and in larger specimens 
presents a fully matured reddish pulpy mass occupying a 
large area 

Small pieces of the ovary were fixed in various kinds 
of fixatives. The duration between the killing of the animal 
and the fixing of the ov.ary did not exceed a couple of 
minutes and thus all the possibilities of post-mortem changes 
in tho tiBSUQ wore minimised. 

Fortho demonstration of theOolgiapparatus, tho motbods 
used were Da-Fano's Cobalt nitrate method, Cajal’s uranium 
technKino and Ludford's latest modification of the Mann* 
Kopscb fixative. Tho best results were, lio^ ever, obtained 
by the techniques recommended by Da-Fano and Ludford. 

Ludford's method proved to bo most satisfactory for 
tiio domonBtr.ation of the Qolgi apparatus. Tho material 
was fixed in Ludford’s fluid (equal parts of saturated 
corrosive sublimate in salt bolution and 1 per cent osmic acid) 
for eighteen hours and after being washed thoroughly for an 
hour with distilled water to remove every trace of corrosive 
sublimate, it was kept for three days in 2 per cent osraic acid 
at E5“'40'’C. The sections wero cut 5 m m thickness and tho 
subsequent bleaching was effected by Honneguy’s process, 
by treating the sections with 1 per cent aqueous solution of 
potassium permanganate for 5-10 seconds and then with 
4 per cent solution of Oxalic acid for J-2 minutes. 

Tho slides wore shined in iMtmann’s acid fuchsin, 
toluidcne bloc and aurantia. 

In Da-rano’a Cobalt mtrato metliod the material was 
fixed for 20 hours at 20"«25*C and then kept ina 2 per cent 
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solution of silvor nitrate for 4R hours m onlor to effect jiropcr 
impregnation Tlio extra siKcr wax rciliicei^ hy the 
methods indicated in the Vndo-Mccnin (27). S?ction9 Cs 
in tluckacss xicre cut and the bIiiIm were toned liy 2 per cent 
gold chloride and 5 i»er cent hypo solution Tho sections 
were stained cither with safrantne and light green or with 
iron nlom and liacnntoxyhQ 

Tor mitochondria the heat fixatirex wero found to he 
Champy-J>a99ono>'8 chroiiie-osiniwiii tcchtiiquo, llegaud and 
Regaud-Tnpa’s hiehroniato methods The material, after 
fixation in Champy’s fluid, was put in 2 per cent osniic acid 
for post-osmicalion at dVC for&*" days. Post-chromatisation 
WAS necessary m ca'^c of Uegaud e fixative for 2-d weeks. 

All the osinic and dichromato preparations were stained 
by Cliampy*Kull method. ejr,»cid fucbsin. tolnidooehlue 
and aurantm. 

For nucleolar exirosiona. Bourn’s picro-formol*occtic 
acid fixative was used which dissolves out cytoplasmic ur 
elusions lilco Qolgi bodies and mitochondria hut fires the 
nucleus and its derivativca The sections were stained in 
Mann’s luethyHlue-cosme and sAtisfnctory results were 
obtained. 

Pure turpentino free from all traces of acid was used 
in order to dissolve out all free fit if present Thoproteid 
yolk bodies which appear as greyish brown bodies in ostnic 
acid do not get dissolved la lorpentine even after prolonged 

treatment, whereas, tho fatly jolk bodies readily disappear 
being reduced by turpentine, leaving clear vacuolar areas 

each surrounded by an osmiophiUo nm. 

Centrifuge experimonls were also carried out in a dark 
room during tbo winter months The inatenal was kept 
the centnfuge which was rotated at tho rate of 3,000 
revolutions per minute This operation was continued for 
three hours and the material was taken out speedily* and 
fixed as usual 
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INTRA-YITAM EXAMINATION 

Intravitam examination of tissues lias been tried by 
Parat, G.itenb), MbllentlorlT and others in ordet to demon- 
strate the disposition and lieliaviour of the various cyto- 
plasmic inclusions in the fresh material Various vital 
dyes, c-g , Neutral red, Janus green B, Methylene blue, Nile 
blue, Trypan blue, etc , have been recommended to stain 
the various inclusions in the fresh material Parat 
made use of Neutral red and Janus green B m very dilute 
concentrations to stain the Golgi bodies and mitochondria 
respectively. 

The stock solution of the Neutral red and Janos green B 
was made according to Bhattacharya and Das’s formula, 
I e., by dissolving 1 gin of fresh dye in 50 c c. of 6/1000 salt 
solution. The stock solution lo bottles was then placed in 
an incubator at ‘d8*-40*C for 24 hours This solntion is 
diluted to bring about a dilution of 1/25000 

Pieces of ovary were kept in this pink solntion for 
about an hour and examined from time to time nndor oil 
immersion lens 

Besides these dyes 2 per cent osmio acid viasalsoused as 
recommended by Gatenby, Bluttacharya, Nath and others 
for the examination of the yolk bodies The fresh material 
was placed in 2 per cent osmic acid for about half an hour 
and then examined from tune to time to note the effects of 
osmic acid on cell organs. 

OBSERVATIONS 
Goxai Appabatus 

In Da-Fano preparations stained with Safranmo and 
Light green, the Golgi elements appear as hUck bodies, some 
spherical in shape witli p chromopbihc rim and a chromopliobic 
centre, and otheis representing a semilunar appearance — tlie 
Qolgi crescents or dictyosomes. In an advanced oogonium 
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(Fig 1, n 1) which has apparenti} been differentiated out 
from one of the germinal epithelial cells, a few rery small 
isolated black bodies (Ob) ate visible in the clear cytoplasm 
During this stage the cytoplasm presents a very clear and 
homogencons area surrounding the nucleus {K)r ^Inch itself 
is of a denser structure containing many nncleoh embedded 
in a sort of reticulum. For the sake of comparison and iden- 
tification similar preparations of silver and ostnie methods 
uero eicaminpd and the tesolts verified and confirmed. 
In the early oocytes the differentiation of the Golgi elements 
into a chromoplnlic rim and a chromophobic area is not 
■well marked bccaase of their being of extremely mmnte 
sue , but in the older oocytes they appear as dictyosomes 
and vacuoles with a dark cbromophihc nm and a clear 
cbromopbobie area. In the early stagei (be nncleos occupies 
the major portion of the oogoninm surrounded b> a thin area 
of marginal cytoplasm There are many nncleoli witbm the 
nncleua at this stage and from the beginning they have a 
tendency to shift themselves to the periphery of the nndeus 
Figs. 2, 3, 8, 9 (Pis 1, 2) represent the early oocyto 
stapes Here the cytoplasm occupies a larger area surround- 
Ing the nncleus The Golgi elements (Gb) increase in 
number and they he closer to each other on one side of the 
nucleus "^S'llh the growth of the oocyto (Fig 10, PI. 2), the 
Golgi elements Ipng closer to each other accumulate in mass- 
fonnatioD in a jaxta-nnclear | osition. 

Figs. 4 and 11 (Pis. 1,2, Y Jfne ) show the formation 
of the area Csdled the '* Tolk-naclcus of Balbuni.” The 
Golgi bodies (QW acquire the usual complex form as a com- 
pact massive structure situated adjacent to the nucleus, i.«., 
in a juxta-nnclear position The “Yolk-ouclens of Bal- 
biani’’ has been desenbed by ilnnson (50), D’ Hollander 
(16) and others This yolk-nucteus is the homologne of the 
archoplasmic area os recorded by (Jatenby in his senes of 
papers in the Q J.U.S and by Lndford (45) m Patella It 
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IS a focus of growth and dispersal so far as Golgi bodies are 
concerned and takes m stain readily, thus standing out in 
sharp contrast to the cytoplasm of the egg in general. At 
this stage we can notice easily the differentiation of Golgi 
elements into two kinds, (1) those that are spherical, 
(2) those that are crescent-shaped Both possess a dark 
chroraophihc nm and a clear chromophobic core In close 
association with Golgi elements some bigger bodies are 
visible which are totally blackened with the reaction of the 
osinic acid probably doe to their being fatty m nature 
These bodies have been identified as fatty yolk bodies 

For some time this yolk*nncleus of Balbiam persists on 
one side of the nucleus but gradnally the Golgi vesicles and 
dictyoaomcs begin to get detached from this compact massand 
migrate into the general cytoplasm. (Figs 5, 12, 13, Bis 1,2) 
The compact area can still be distinguislied from the rest of 
the granular area (Fig. 13, PI. 2). In a full-grown oocyte 
(Fig*3. 6, 14, Pis. land 2), the yolk-nucleus is completely dis- 
organised and tlic Golgi elements (Ob) are found scattered 
throughout the cytoplasm. The fatty yolk bodies (Fy) 
lying cither independently or m closo association with tho 
Golgi elements ore to be seen qnitc distinctly. In Ludford 
preparations some fairly largo greyish brown spheres are 
visible. They arc the albnminons yolk spheres (Aj). No 
apparent relationship has been observed between tiic 
Golgi elements and the formation of albaminous yolk 

MlTOOtlONDBIA 

The best results were obtained from Ilcgaud’s formol- 
bichromato method followed by a prolonged chromatisation 
for 2-3 weeks, and from Cliampy-Nassonov's techniques. 
Mitochondria are also visible in Regaud-Tupa preparations. 
Bichromate techniques arc evclushely meant for the demons- 
tration of mitochondria whereas Clmmpy’s fluid may 
fix the Golgi elements and the associated yolk as ^^ell. 
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la lUe oogonial stages the mitochondrial granules or 
chondnome (il) (Fig 15 PI. 3) are obserrahle in the form of 
a few dusty particles stained faintly with acid fuchsia In 
tlie early oocytes (Figs 16, 17, P) 3) tho mitochondria 
como closer together adjacent to the nacleus and form, alike 
Golgi elements, a complex jnxta-nnclear cap-like invest- 
ment, the so-called “Yolk-nnclens of Balbiani”, (Y.-Nac) 
(Figs.18 aQd25, PI 3) ThisYolk-nnclcusarea, incur opinion, 
functions as a centre of growth and dispersal for both Golgi 
bodies and mi(ochoudri.u This area may bo regarded as the 
seat of intense cytoplasmic activity at a particular stage of 
development 

TUia heavily stained area gradually enlarges so as to 
surround the nuclena forming a pennut-lear zone conUinms 
dost) mitochondria stiined pink in acid fnehsm (Fig 21| 
PI 3) Figs 23 and 27 (PI- 3) represent folly developed 
oocytes where tho mitochondrial granules have dispersed 
(hrougboot the c) toplasm, and amongst these mitochondrial 
grannies are found tome big spheres stained cherry-red 
with acid fachsin- These ato the albaminons yolk bodies 
(Ay) Theao bodies are visible even in very c«ly oocjtos 
In spite of keeping the matcnsl for post-cbromatisation 
after lii'gnucVs bichromate technique (Dnliiard’s method — 
JOa) fora penod of more than a month, rr© obrerrod no fila* 
roenter strnctaros which could be identified as mitochondria 
It IS n noteworthy fact that mitoebondna remain very 
fine and dusty and the granales Itavc not been observed si 
any stage tu swell up or enUrge or take uny part in tho 
formation of yolk Wilts 

XccLCoiJin Kitrusions 

Tho material wfls fisod In Itomn's picroformol-ni-ctic 
acid fluid, 60 {(int the two important I'acfusions. tfip mUti- 

chondria and Golgi bodies were distoWed ouL The staining 
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Was dono by Mann's molh>l*bluc-posm and vory cloai 
nucleolar extrusions wore noticed lyinp outside the nucleus 
in a similar way as observed by Noth m Litbobius, Crosso- 
prira, Scorpions, etc., Ludfonl m Patella, Gresson m 
Tcnthredmidae, Harvey in Coremua, and Gatenby m 
Saccocirrus. 

Fig 28 (PI. 4) represents an early oocyte. The nucleus 
(N) 18 a large ovoid body occupying a largo space in the 
oocyte, containing manj small rounded nucleoli (Nu), baso* 
philie m consistency (staining deep purple with Mann’s 
tnethyl-blue-eoBin and deep bine with haomatoxylin). These 
nucleoli are embedded m lli« reticulum of the nucleolymph 
and the cytoplasm presents a clear, homogeneous area In 
later stages (Figs 29, 30, PI 4), one of the nucleoli grows 
m size and is converted into a prominent basophil nnclcolns 
(B. Nu), whereas the other nucleoli have a tendency to 
move towards the periphery and plaster themselves around the 
nuclear membrane which looks like a beaded nng As the 
oocyte grows m size (Fig 30, PI 4), the peripheral nncleoh 
have a tendency to come out of the nuclear membrane into 
the cytoplasm m the form of granular extrusions. In the 
meantime the basophil nucleolus becomes a very prominent 
body It becomes larger and buds off deeply staining 
basophil bodies which pass out into the cytoplasm through 
the nuclear membrane (Figs. 20, 30, 31, PI 4). Figs. 29 
and 30 represent oocytes in which a few granules budded 
off by the nucleolus, come out of the nuclear membrane, 
while others are still sticking to the membrane Fig 31 
(PI. 4) represents a later stage when the nucleolar extrusions 
have dispersed fairly evenly throughout the cytoplasm It is 
to be noticed in these cases that the nucleolar emissions 
(N.E ) scattered m the cytoplasm are stained lightly with 
Mann’s methyl-blae-eoam and are basophilic m the begin- 
ning, but become acidophil bodies when scattered in the 
cytoplasm and ultimately disorganize duo to fragmentation 



THE DHIVFRSITY STUDIES 


This change in the bchavioat of the ancleolar extrusions 
may be noticed easily by the stamiog reactions of Xlann’s 
metUyl-bluenjosm Probably the nucleolus during the 
period of its marked activity transforms itself into an 
atnphophil body (A Nu) containing round basophd bodies 
inside a lighter acidophil ground aubstanco as observed by 
Nath in Buthus jndaicus (57) 

It IS remarkable that the basophil nncleolus which 
persists even m older oocytes, occasionally, has a tendency 
to come out of the nuclear mcinbrano as a whole into the 
cytoplasm (Fig* 37, PI 5) Bnt, during this process no 
rupture of the nnclear wall has lieen observed Probably 
m the cytoplasm also, it buds off eonie grannlar extrusions 
as observed by Nath (57) in Euscorpius napoh and Bothns 
judaicus This alufting of the nncleolns as a whole from 
the nucleolympii to the cytoplasm (Figs 37 and 38, PI B) 
has been recorded by Nath (57) in scorpions and by 
Hennegny in vertebrates These nutleolar extrusions have 
not been observed, however, at any stage to be directly 
Rietaraorphosed into albaminons y^lk spheres hut probably 
they bear their influence id some way towards yolk- 
formation 


The FoHMAnoji or Yolk Bodies 

Two kinds of yolk bodies are easily distingoisbable — 
the fatty yolk, and the albaminons yolk. The fatty yolk 
appears to arise throogh the intervention of Golgi bodies 
directly In Da'Fano preparations there is very little 
possibility of the fat being fixed and the fatty yolk bodies 
appear as clear vacuolar spherea each in association with 
a Golgi element Figs, 32, 33 and 34 (PI 4) represent 
oocytes at vanons stages of development showing the method 
of fatty yolk.formation At the early stages of develop- 
ment, inside and around the yolk nncleus (Fig 32, PI 4) 
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some larger vacuolar bodies begin to appear amongst tlio 
scattered Golgi vesicles and dictyosomes. 

In Ludford and Champy preparations also (Fig. 14, 
PI 2 and Fig. 35, PI 4) m close association with Golgi 
elements, larger spheres are visible which, being fatty in 
nature, appear as solid dull black bodies and do not siiow 
any sharply distinguishable oamiophilic nm or crescent. 
These spheres are fatty yolk bodies (Py). To confirm their 
fatty nature, sections were treated with pare turpentine 
for varying periods and then examined under an oil- 
immersion lens It was noticed that the original solid dull 
black bodies were totally decolourised leaving clear vacuolar 
areas either attached to an osimophilic crescent or surround- 
ed by a black nm, thereby proving their fatty constituency. 
Tlie intermediate stages between the transforming Golgi 
bodies to fatty yolk spheres are also found. The Golgi 
elements which aro noo'fatty m the beginning, swell up and 
tbo fat is deposited withm their chromopbobic area (arclio- 
plasmic area). Thus there seems little doubt that these 
fatty yolk bodies aro formed directly by the Golgi elements 
In a well developed oocyte, these fatty yolk discs so formed 
by the metamorphosis of tbo Golgi elements are seen 
scattered throughout the cytoplasm 

Albuminous or protoid yolk has been described by 
different cytologists to have originated under the influence 
of either nucleolar extrusions or initocliondria, and sometimes, 
de uovOy in the cytoplasm and rarely under tho influence of 
Golgi bodies. 

Nath (53) and Ludford (45) have observed in manj 
invertebrates that nucleolar material from the nucleus 
comes out in the cytoplasm and contributes directly towards 
tbo formation of deutoplasmic inclusions or vitellogenesis. 
In early oocytes of Champy and Regaud preparations, 
occuBionallj, we are able to notice some largo bodies which 
appear os greyish brown spheres in osmic preparations and 
p.n 



70 


T!!b VIUVJUB%D LMVfcESJTY KTCDlbS 


Sma!l pieces of {ho ovarj were placed in a trooph conliin* 
ing a dilute pink solution of Neutral rod d>o (1/25,000) 
dilution for 204o minutca The o\ar) was then teased 
out gently and examined from time to titne rn a dark room 
under oil'ininjorsion lens in artificial light (1000 candle 
power) Some of the jonng oocytes (Fig 39, PI 5), >vhen 
examined carefnlli, were ohserred to contain a ouclens 
and a tluck granular mass jasta-nni-lear in position 
(Y Nuc.) which >ve identify as the " Yolk-nucleus of 
Balhiani’ which takes the same place in the fixed prepara- 
tions topographically 

In more advanced oocytes (Figs. 40 nnd 41 PI 5), the 
Golgi bodies appear ecattcred m the general cytoplasm as 
discrete bodies, some rcsicnUr with a cbroinophihc rim 
surrounding a chromophobie centre and others as crescent- 
shaped dictyosomes associated with an archoplasmie area 
We get exactly similar bodies m fixed Da-Fano and Lnd- 
ford preparations (Figs. 6 and 14, Pis I and 2). In close 
association with these Golgi elements we find some largo 
highly refractive vacuoles with a snrronnding ntn or a 
dictyosome These arc fatty yolk-spheres as ascertained 
by the trcalinent of the material with 2 per cent osmic 
acid. 

Besides the above two types of slmcturcs, dispersed in 
between the Golgi elements, groups of very small vacnolar 
etructnres have been observed winch fcike a cherry-red 
colour with the dilute piak solution of neutral red 
These bodies make their appearance after the material has 
been in dilute neutral red dye for about 30-45 minutes 
These have been identihed as “Vacuome” by Gatenby 
(26), Bhattacharya (6), and Das (15) in other animals 
There is apparently some relationship bet’s! een the Golgi 
elements and the vacuome as it has been ohservc'l t!i it 
round about patches of vacuome, some black diclyosonics 
or Golgi vesicles are situated (F%s. 40 and 41, PI 5) 
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In a -well-advanced oocyte (Fig 11. PI. 5) (Vc) a*} many 
as four or five patches of “ Yacuomc ” luivo hcen ol)Scrvcd 
Nothing definite has yet been kno-wn regarding the function 
and behaviour of the “ Vacuoine" but it has to be admitted 
that it IS a cell structure revealed only in fresh material. 
Pig 42 represents an oocyte seen after treating the material 
with 2 per cent ostnic acid for aboat 10 minutes and Fig 4.3 
represents another oocyte of about the same size examined 
after half an hour. The Golgi bodies appear as discrete 
heterogeneous elements, non-fatty in nature as proved by 
tbeir remaining as refringcnt bodies (Gb) They are easily 
made out. In association w itb them some sw ollen Golgi bodies 
have been found, of a fatty nature, due to the deposition 
of free fat inside tho chromophobic or archoplosmic area 
Fig. 43 shows that tbo oocyte after having been treated 
for half an hour m 2 per cent osroic acid brings prominently 
into view swollen op Golgi elements which appear as darker 
spheres The gradual stages between the developing Golgi 
elements and the formation of fatty yolk sphores are clearly 
noticed and it may evidently bo conclndcd that the Golgi 
elements swell up and give rise to fatty yolk directly. 


DISCUSSION 
Golgi Appabatub 

In considering the rdio of the Golgi apparatus m ooge- 
nesis -we have to take into consideration all that has been 
discovered coneermng Us Itehavionr in the cell In spite of 
the various differeuces m Um» tocro. and behaTiour of Golgi 
apparatus and niUorbondnn as described by Natli (55), 
IthAllaolurva (4). Gatenhy(2l,2r»). Varat (G5, 67), Ludford 
(451, "Weigl (7B), and others, them are Bciine common cimme- 
tcnstics found in them. They are cup ibic of independent 
movement s\itlijn tho M‘ll. Tliej grow by ussimilating the 



78 


tllB AI-tAlUnAO tJNlVEllsm 8TCD1W 


necessary food substances from the cjtoplasm and increase 
in number probably bj iission 

Tlic otact liclmTiour of tho Golpi npparatHS as well os 
(hat of mitochondria during oogenesis, differs in detail 
in most cases that have been inTcstipated. In the K*^rni 
colls of the vertebrates and iiiTcrtehrates tho npparnttis 
consists of separate rods, crescents, rings and sonietimes 
granules These are rexealed bj silver and osniic tcchniiiucs 
The differentiation of Golgi elements into a chromophihc 
rim and chrouiophobic area is almost common to all perm 
cells of xertebrates and invertebrates 

In the animal under investigation (ho best results to 
demonstrate Oolgi apparalns xxcre obtained by Ludford and 
Da-Fano techniques Tho impregnation obtained In the 
case of Da»Fano after keeping the material in 2 per c®*** 
Sliver nitrnlo for 48 hours was specific, unlike the ohserva* 
tion of Harvey who fixed the material for 4-C hours only* 

In a well-developed oocyte the Golgi elements exist in 

two forms The spherical vesicular Golgi elements with a 
ohromophilic run and chromopliobiceontro and tho somilnnaf 
forms Of dictjOBomes enclosing a portion of archoplasm^ 

Parut (65, 67) has reccotly emphasised that tho Golgi 
clenieots and the Tacoome aro homologous His conclusion 
is based on the assumption that the neutral red staining 
vacnome are Golgi bodies whereas the associated chromophi 
he Bubstance is either an artifact or constitutes a special 
kind of mitochondria — the eixallcd Lepidosouic- 

Recently, Bowen (9) m plant cells, and Gatenb) (25) 
in male germ cells have noticed the two above-mentioned 
structures lying separately. Gatenby observed that the 
so-called Golgi bodies of Panil are really vacuolar structures 
associated with crescent-shaped bodies — the dictyosomcfa 
Gatenby, further describes the vacuome as an aggregation 
of vacuolar Btructurcs which are supposed to have been 
produced by the chromophihc tini of the Golgi elements So, 



CTTOPLA'SMIC INC. IN THE OOOENE3IS OF SCYLLA SERRATA 70 

the real substance of the Golpi element is constituted by the 
cbromophihc nm (the dictyosome) and not by the associated 
vacuole — Parat’s Golgi body. 

In the youngest oocyte the Golgi apparatus lies in 
a diffused system consisting of a few granules wlucli stain 
black with silver or osmic acid The Golgi elements in 
a later stage form a compact mass, juxta^nnclear m position, 
the so-called “ 'Yolk-nuclens of Balbiani.” This structure 
has been described by various authors (50, 3, t5, 10) as 
the centre of growth and dispersal of Golgi elements. 
At this stage when the yolk-nucleus of Balbiani or 
the idiosome area (Bowen) is established, the Golgi 
bodies appear as discrete spherical and crescent-shaped 
dictyosomes. 

Harvey m Carcinus (36), has failed to discern the 
formation of yolk-nucleus Be says, “ Golgi elements 
increase in number eventually without any dimunition in 
size and at this period a marked peripheral concentration 
of the Golgi elements becomes apparent.*' Again he adds, 
“ As the yolk increases the yolk droplets occupy the outer- 
most regions of the cell, until the majority of the Golgi 
eierapnts are eventually crowded into the narrow peri- 
nuclear area .. In the aDimnl under examination, no 

such perinuclear concentration of the Golgi bodies lias been 
observed and also no relationship could be established 
between the j oik bodies (proleid yolk) and the Golgi elements. 
Golgi bodies have been observed to play an important part 
in tho formation of fatty yolk, unlike the observation of 
Harvey (36) in Carcinns, whero the fatty yolk is said to 
lie formed from the cytoplasm ladcpendcntlv and without 
the aid of any of the cytoplasmic inclusions. The formation 
of the proteid yolk by Golgi oleaicntB as observed by 
Harvey, in Carcinus, must be an interesting feature, because 
of Us rare occurrence. 
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MlTOCnOKDltU 

In tlio oogoni.il els^rcs niitodionilnal granules ar® 
visible witb great tlifiJcoltj. In tlio earlr oocjtes tbe 
mitochondrial granules, nlike Golgi elomenta, occur in Ibe 
“ 'iolk-nucleus of Ilalbiani “ Harvc), in Carcinus, found a 
slight concentmtion of initocliondm effected in immediate 
neighhnnrliood of nucleus," but lie ascrilies this concentra* 
tion to the iihsence of a large niimhnr of mitochondria 
Later on, he observed a perinuclear mne of mitochondria 
Probably Harvey’s slight ooncontration of tlie mitochondna 
in the immcdinte netgliboorliood of the imcleus is the " Tfolk* 
nucleus of nathiani " as descrihed m this animal. Harrej 
might hive missed the stages of the formation of tlio yolk- 
nucleus and therefore took info con8ider.ition only tlie 
perinuclear tone of mitochondria 

It IS a remarkable fact that during liic oogenesis of 
this animal the mitochondrial granules always remain dusty 
and grannlar They have never been observed to increase 
roncii in size In spile of very careful search these bodies 
have not been observed to lako any pirt m the formation 
of any reserved food substaoces in the oocytes Mnnv 
anthors have ascribed to mitoobondria the formation of 
protcid yolk either directly or indirectly King, in Oniseos 
(42), records the proteid yolfc as being directly formed hv 
the evrelhog op of the mitochondml granules In CarcinuSi 
Harvey has observed, “ tbe aibnmmons yolk anses in the 
cytoplasm under the influence of Golgi bodies and prohihly 
mitochondria.” But a careful search in tins .inimal, Im* 
not revealed any relationship lietneen milochondrii and 
allmtninons yolk-formation 

Daring recent years many cytologists have been able 
to discover tbe filamenter mitocbondni in the oocytes of 
many animals, eg. King (41), TIibl>ar(l (38), Das (15). 
Halliard (IQa), and others In spite of post-chroraatization 
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of tlie material for more than six iveoks no filamenter 
mitochondria could bo observed m onr material. 

"We arc inclined thus to conclndo tliat mitochondria 
plays a rather insignificant part m the oogenesis of tins 
animal 


NocLEOiiAn Extrusions 

Recently, Harvoj in Carcinus (3C), has observed a 
process of nucleolar budding and the “ probable emissions 
of nucleolar subshinco ” from the nucictis to the cytoplasm. 
\Ye have tried to substantiate the above conclusion by 
Carefully ivorking out tlio nucleolar beliavioup during the 
oogenesis of tins animat A.l«ko the observations of Harvey, 
wefind, there are many nucleoli in the beginning but m later 
stages of development one nucleolus becomes prominent and 
gives out tho extrusions. In this animal it lias been definitely 
observed that the nucleolus m the beginning is a basophilic 
structure which afterwards turns oxyphilic 

The cliango in the staining reactions of the basophilic 
nucleolus into oxyphilic bodies in tho cytoplasm has been 
observed by Xath in Culox (59), and more recently in 
Spider (58), and Scorpions (57) In Euscorpms napoli and 
Ruthus yudaicus, therein copious discharge of prominent 
round and deeply staining basophil bodice from the nucleus 
into tho cytophisni of the egg. They arc first Itat.ophi! 
and htcr become acidophil and ultimately disappear as 
’Rhole liodics.” Gtes'on (3!, 32), working on tho oogenesis 
of saw flics (Tenlhredinidne), has observed that in tho early 
oocyte? of Tbrinax macula, the nucleoli are basophill^ 
As the oocytes increase in si/e tho nuc’foli develop an 
oxyphilic margin, which later on become rounded off 
and separate from tho Iwsophihc body. The basophil 
nucleolus bads off a namber of baS'iphilic extrusions which 
rcm.iin cnWhlei in the nueb'Olv mph and hue not Ix^en 
ol«crv€Hl to pass out in the cytoplism. The oxyphilic part in 
r. u 
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the meantime undergoes a period of activity and nnmerous 
ovyphi! bads are lihented which mififrate towards the nuclear 
membrane and eventually pass out mtotlic cytoplasm 

Ludford m Patella (45, 46), has also observed a remark- 
able differentiation of the nucleolus into an ovyphil and 
basophil part Ho suggests that the ovyplul nucleolus of the 
early oocytes gives rise to a basophil portion and then they 
gradually separate till both of them hud off evtrusions of both 
kinds But in ooplasm only ovvphil bodies have been observ- 
ed whereas the basophil ones remaio withm the nucleus 

Wilson points oat that the staining reactions of the 
nucleoli often vary materially at different periods in the 
history of the nuelens so that the same nucleolus way be at 
one time oxvphilic and at another time basophilic 

In our tnalena! it has been observed that the staining 
reactions of the nucleolus and nucleolar extrnsions change 
from bosophilic to oxyphilic doting their passage from the 
nnclens to the cytoplasm Occasionally, if Las been observ- 
ed in tins animal, tbal the nucleolos ns a v\bole or a major 
part of it comes out from the nucleus to the cytoplasm 
apparently without injnnng the nuclear wall This is, no 
doubt, an interesting phenomenon and has also been observ- 
ed by Nath (57) in Scorpions No sooner, it lies in the 
ooplasm, than the staining reactions ore reversed and an 
oxyphilic structure instead of a basophilic one is noticed 
Frequently, this oxvpbil body seems to bud off oxyphil 
extrusions in the cytoplasm. 

Bhattacharya (3), Natb (53), Gatenby (22), Ludford 
(4G) and others working on vertebrates and mvertebrafes 
liave laid stress npon the phenomena of nucleolar extrusions 
and in certain eases have attributed to the nucleolar extru- 
sions the origin of alboroiuona yolk It may, therefore, 
be said with a fair amonnt of certainty, tliatin many animals 
the nncleolar extrusions lake part in the formation of proteid 
yolk either directly or Indirectly 
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la this animal no direct metamorphosis of the extrusions 
into alhummous yolk has been observed* 

Yolk Bodies 

During the last few years, opinion seems to bo crystal- 
lizing on the fact that there are two types ot yolk bodies, 
(i) Fatty yolk, and (ii) Albuminous or Proteid yolk. The 
origin of these yolk bodies has been a subject of much 
controversy among recent workers m Cytology and the 
views upheld by various authors are sometimes contradictory. 
Some aacribo the origin of fatty yolk to dc noi’o forma- 
tion m the cytoplasm There are a few who ascribe tho 
formation of fatty yolk to the metamorphosis of mitochondria 
but most of tho modern cytologisls agree that fatty yolk 
arises directly or indirectly m relation to Golgi elements. 
Nath (53), Gatcnby (28, 29), Ludford (45), Bbattaoliarya 
(3), Das (15), and several others upliold tins vioa. 

Gatenby and Woodger (28), Ludford (45), and Dram* 
boll (10), showed that in Helix, Lnnnaea, and Patella, the 
fatty yolk is formed directly by the Golgi elements. 
Hirschler has smnlariy shown that m Ascidians (Ciona), 
the Golgi elements are directly metamorphosed into fatty 
yolk. The senior author (3, 4, 5) and his collaborators, 
have in a number of vertebrates, proved tlie direct or 
indirect transformation of Golgi elements into fatty yolk 

Nath, in a senes of papers (53), has strongly emphasised 
tho fact that Golgi bodies give rise to fatty jolk In 
certain cases, the non-fatty chromophobjc area or tho 
vacuolar area of tho Qotgi vesicles is directly transformed 
into vRcuoUr fatty yolk bodies in the coarse of development 
of tho oocjtos (Spider, Scolopcndra, Cockroach, etc); in 
others, they arc from tho very beginning f.iUv in nature 
(Luciola, Dysdercus). nnd grow in size to form big jolk 
bodies This fatty yolk IS dissolved out Vi bon treated vsitli 
turpentine leaving osniiopbitic rmis and crescents behind 
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Gatcnby (22) and Lndford (45), in Saccocicros and 
ratelia respectnely, have shown that llie fatty yolk arises 
by the swelling up of the Uolgi bodies 

Recenth Hibbard (38). and Harvey (3G), have claimed 
that fat arises independently m the cytoplasm without any 
relation to (iolgi bodies and mitochondria in the eggs of 
Discoglossus and Carctnus respectively Harrey m 
Carcinus observed that there was no relationship between 
the Golgi bodies and the fatty jolk In the animal 
examined bj us, tho fatty yolk has been observed to be 
formed directly by tlie Golgi elements 

In Da-Fano preparations, the fatty yolk is eirl> 
represented cither bj an arihopUsmic area to which a 

dictjOBome is attached or a vacuolar area surrounded by 

a chroniophilio run In the Chainpy technique, fatty jolk 
bodies appear as solid dull bhek bodies The black bodies 
after treatment with turpentine arc readily differentiated 
leaving clear vacuoles with an osmiophilic nm or a crescent 
Intormedinto stages between the fatty yolk bodies and the 
growing Qolgi elements have also been obserred Thus it is 
concluded, that tho fatty yolk bodies arc formed direitly by 
the swelling up of the Golgi elemeots Most probahl), as 
Nath conjectured, Harvey has lieen dealing with fat droplets 
and not fatty yolk bodies 

The Albuminous yolk has been obseried even in very 
young oocytes They do not eccin to possess any rcHtion- 
ship witb the Golgi bodies and roitochoRdria and probably 
ariie de novo in the cytoplasm 

Faratand Hibbard bavcdcnionstratcd in several nnimsls 
(I’erta, Discoglossus. Aplysia, etc ), the relation l«etween 
protcid yolk-formation and Golgi bodies Similarly, Weiner 
m Lithobins nnd Tegonana has shown that proteid yolk 
IS formed on the fieriphcry of the egg, among and m 
intimate relation to Goigt bodies There are others, e;). 
King in Oniscns, Gatcnhy and Woodger in Apantaics, 
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who attnbuto tho formation of protcid jolk in i elation 
to mitochondria 

In quite a large number of animals (Invertebrates) the 
work earned on in this line has shown that proteid yolk is 
formed mostly m relation to nucleolai obtrusions Natli in 
a series of animals (Luciola Litbobms, Spider, Cockroaeh, 
Scorpion, Dysdercus, etc ) has observed remarkable nucleolar 
extrusions gi\en out by the nucleolDS, which pass out to tho 
cytoplasm and are either directly or indirectly tiansformcd 
into proteid yolk. 

Ilarvey lias oliscrvcd proteid yoIk-formation in relation 
to Golgi bodies and furtlior says, “probably it is deposited 
in the chromopliobic part thereof. ” The present autliors 
have boon unable to find any existing relationships ivhat- 
Boovor, between the formation of proteid yolk and the Golgi 
elements or mitociiondna m the annual under discussion 

iloreovor, IQ spite oftliofact that nucleolar extrusions 
are present in t!ie cytoplasm, they have never been noticed 
to give rise to proteid yolk bodies directly. Thus it is assumed 
that the proteid yolk spheres arc formed de uovo m tho 
cy toplasm. 

The centrifuge experiments also confirm the above 
conclusions os wo notice that neither the mitochondria nor 
tho Golgi elements have any direct relationship with proteid 
yolk-formation wlicrcas the Golgi elements are in close 
association witli the f.ittj yolk bodies. Thus, tlio conclusion 
is forced on us that fatty yolk is formed directly bj Golgi 
olcincnts while the ulbuininous yolk* is produced de itoio 
m tho cytoplasm 


VlTAI/ CoiAlUllATJON GxrFniMliiTb 

Since the \ital stuning methods olTer satisfactory results 
in this iinitiial. it is worthwhile dit.cuj>snig in this paper, 
briellj , tliesuppo'-ed homology of llicGoIgi hixlits and Tucuoinc 
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Parat (65» 67, 63) with hw collahoratora. for tlip first 
time demonstrated tlio orcarrence of vacuomo in tlie anunjl 
cells by vital colouration methods ond boiievcd tliat the 
Oolpi apparatus and the Tacoomo were homolopous strnc* 
tores Further, tlio cxaminntion of saliiary gWnds, pancreas, 
etc, led Parat to the conclusion that the Ctolgi apparatus js 
constituted of a system of taruolcs (\'acuoiPc) m ^^hlch 
“ Granules de secretion ’’ are produced iiy a process of 
condensation. He observed thot the Golgi bodies arc really 
(he 'vacuoles w Inch are stained iMtb dilate neutral red, and 
that tlie Qsniiophilic rim or crescent is an artefact or is con- 
stituted of some special kind of chondnosome, hpoidal lO 
natorp, which is associated with the vacuole occasionally To 
these special chondriosomcs ho gives the name of “Lepido* 
soinea ’ Thus, according to this view, the vacuolar space 
represents the vacuorae (“(tolgi body*’), which may be sut' 
rounded by special cbondriosomcs called Iwcpidosomes 

Recently, Bowen (3) in plant cells, and Qatenby (26) m 
male germ cells of animals, have vehemently criticised P.iMt 8 
Lcpidosome theory Gatenby, taking into consideration the 
definition of the Oolgi apparatus maiotaina that “ It is 
an argentopbil structure discovered m the nerve cells as 
such by Golgi ’* (26) He further adds that the so-called 
Paral’s “Lepjdosome” IS the real GoJgi element associated 
with an archoplasmic area or the Tacnole In the male germ 
cells sonio of the vacuoles arc secreted by tbeGolgi elements 
and they collectively form congeries of vacuoles— the * Va- 
cuonie,” staining with tbc dilate neutral red solution Thus 
he contradicted the view held by Parat that Golgi bodies arc 
vacuoles whereas the argentopbil structure is an artefact 
Very recently, Beams and Qoldsnuth (1), in the salivary 
glands of Chironomos larva, observed that probably the 
“ neutral red bodies are in reality the secretory inclnsions , 
which have been coloured by the dye.’’ They conclude 
that the neutral red bodies cannot represent Die Golgi 
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bodies, the latter being a^entophil in structure and are 
never found to be coloured -ttith neutral red. Bhattacliarya 
and Dae in the ovajy of the young pigeons ( 6 ), have found 
that Yacuomo 18 quite a different structure and cannot be 
confused with the discrete Golgi elements as both these 
structures can be seen at the same time m vital examination 
lying separately as distinct structures. There appears to 
be, however, a close relationship between this “Yacuome” 
and the Golgi crescents, the latter being sometimes associa- 
ted with the former. 

Nothing definite can be said yet as to tho behaviour 
and function of those neutral red staining bodies 
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A TABUIiAR REratSFVTATION OF THE YARIOCS CTTOPLASMIC 
INCLUSIONS AND THEIB RELATIONS IN' EFOARD TO 
VITFLl/OOFNI-SIS IN 8CTLL.V SiBBATA. 


Katlf onrrt^ Fullf derMopsI 


Ooennial 

(roJji Boilies — 
roiin — nrjnular 


DiipOkitioo —A few 
m number, adjaceot 
to the nucleus 

Fnnclion —Nil 


fl) Vesicular -chru- 
mopluliv tun onO 
0 hr nmop hobio 
centre 

(2) Gre«cenuehaped 
(dic()o^oine<) 


Formalioo of (he 
*■ Yolk nucleus of 
Balbiant '* 


Swollen up Golfi 
elements with one 
or Iwo fatly jolL 
bodies 


bame os in early 
oocytes 


Scattered m the 
CjlOpI >«TU 

Many fatty yolk 

spheres 

Oranulir nml dusty 
Scatttred through* 

Apparently nil 


^1 ioeh ondrin — 

Form •— Granular and Qraoular and dusty 
dusty 

Tlisposiiion — P e w , Formation of “Yoik 
adjacent to the nuclene of Ual- 

nncleus biaoi ” 


Fnnetion —Apparently Apparently mi 
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Oogonial stages Barlj- oocytes Fully developed oocytes . 


Nucleolus — 

Form — round small Large, Oval. Large, oval 

bodies 

Disposition — M a n j Ono becomes pro- Basophil mioleolus 
nucleoli embedded imnent Others gives out niicleo- 

m the nuoleolymph, plaster themselves lar oxtrusions 

tendency to arrange round the pen- which beoomo 

themselves around phery of the oxyphil m tho 

the nuclear mem- nucleus ooplasm 

brane 

Function —Apparent- 
ly nil, but may 
influence the indirect 
8>ntlic8is ot the 
ptoteid Yolk 

Fatty Yolk —None Few Numerous 

Alb, Yolk None A fair number Numerous 


A TAnuliAB BEPnFSurrtTlOS OP TOOK rOHMATlOV IN ANIMAM 


Albummo.. 

yolk oxtriwiODS, 


Qrantia . Oaten by. In ground pro- 

d B. toplasm 

Asoaris ... lliraohler . Cytoplasm Uilochondna 

Saccocirrus Qatenby ... Oolgi bodies Nuoleolnr ex- Yes. 

triisions. 


Penp itus King - Pormoil m ... Probable 

groups but 
its source 
has Bot been 
determined. 


P.12 
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A TABtTLAr aFPBKEXTATlON Ol THE VARIOUS CTTOPE'‘''tIC 
IKCLUSIOXS A>D THEIB RFLATIO-VS IV REOAIU) TO 
TITFLWQEVI^IS IN SCniE.\ StRBATA 


OocnBial (UKeo 


Gol^\ UoditH — 
Fonn — Or iniibr 


DiApoaition —A few 
in QuiDber« adjacent 
to the nucleus 

Function -NiL 


ZfiforAoncfria — 

Form —Grsnular sind 
dmtr 


Disposition — P e w , 
adjacent to the 
nucleus 


Function —Apparently 
ml 


Eatly oocyte* 


(1) Wsicutnr •chtii* 
■noplulio run end 
ohromophohic 
centre 


(2) Cre«ceou«lisped 
(dictyo^omes) 


Fennation of the 
‘ Yolk nucleus of 
BaShiam ” 


Swollen up Oolgi 
elements with one 
or two fatty yolk, 
bodies. 


Oranniar ao.i dusty 


Fomiaiion o[ “Yolk 
nucleus of OaU 


Apparently nil. 


Pultr deeelopet -^rl^s 


*'smo ns tn earlv 
oooy I es 


*?catiered fn **'* 
py topln*m 


\ltim fatty yolk 

spheres. 


Gramil ir and du«ty 


Scattered tlirough- 


Apparently oik 
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Oogonial stages. EiaFly oocytes Folly deyeloped oocytes . 


Nucleolus — 

Form — round small Largo, oval, 
bodies 


Disposition — il a n 1 
nucleoli embedded 
m the nuoleolymph, 
tendency to arrange 
themselves around 
tho nuclear mem- 
brane 

Function .—Apparent- 
ly ml, but may 
influenoethe indirect 
synthesis of the 
proteid YolL 


Ono becomes pro- 
minent Others 
plaster themselves 
round the peri- 
phery of the 
nucleus. 


Large, oval 


Hasophil nucleolus 
gives out nucleo- 
lar extrusions 
which become 
oxyphil m tho 
ooplasm 


Numerous 

Numerous, 


Patty Yolk —None Few 

Alb, Yolk Nono A lair number 


A TADtTLAB Btl’llKStTrcVTION OF YOW rOJllUTlON IK ANIMALS 


Genoa or aniniaL Author rsUr Tolt 


AlbumiDoue 

yolk 


Nucleolar 
if Jiresent 


Qrantia 

Ascaria 


0 a t e n b y, 

J B 

Hirschler .. CjtopUsm 


In ground pro- 
toplasm 

Uitoohondna 


Saccocirrus flatcnby . 


Golp bodies Nucleolar ex- Yes. 
trusions. 


Penpatus , King 


F. 12 


I'ormcd in 
groups but 
Its source 
bos oot been 
dvtemmed 


Probable 
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Author 

Pattj Tolk AlbumiBOus yolk 

Nucleolar 

if prraeut. 

C ircmus 

Harvey 

Cytoplasm 

(independeBt- 

i>) 

Qoigt bodies. 

Probable 

Oqiscus 

King 

Goigi bodies 

Mitocliondna 


Limtilua 

Qardmer 

Naoleolar os* 
trusioDS 

Interaction ot 
Golgi bodies, 
mitoohon- 
dria, and 

nucleolar 
extrusions 

Present 

Palamoaeus 

Nath 

Qoip bodies 

None 

None 

Scorpion 

Nath 

Do 

Nucleolar ex- 
trusions 

Yes 

Cockroach 

Nath and 
Piara Uohan 

Do 

Do 

Do. 

Bcolopendra Nath and 
Huasain. 

Do 

Da 

Do 

LucioU 

Nath and 
Mehta. 

Do 

Do 

Do 

Litliobius . 

King 

Probabaly 
Golgi bodies 

Do. . 

Do 

- 

Nath 

Apparently 
(loigi bodies 

Do 

Do 


Weiner 

Cytoplasm .. 

Indirectly 
from Qolgi 
bodies. 


Tegenana 

Weiner 

Vitelline layer 

Oolgi bodies 

- 

Sptdcr (Cros- Nath 
aopriza) 

Oolgi bodies 

De novo in the None, 
cytoplasm. 
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Nucloolat 

Genus or animal Autlior Fatty yolk Albuminous yolk extrusions, 

11 present 


Gulex .. Nath . Fat deposits Uicrospheres 
m inioro- or p r o t e i d 
spheres. yolk bodies, 

Apaatolos Gatenby ««• Mitochondria 

and secon- 
dary nuclei 

Tonthrodi' Orcsson . Golgi bodies Nucleolar ox- Yos 

Dida: truaions, 

Daphma Hill and Qolgi bodies None None. 

Oalenby 

Nepa Sleopoo Golgi bodies 

Hysdorcua Nath .. Golgi bodies Nuolcolar cx> Yos 

trusioDS. 

llolix Qatcuby . Golp bodies Probable None. 

Patolla ... Ludford Golgi bodies Yes. 

Pilaglobosa B h a 1 1 a- Golgi bodies Nucleolar ex- Yes 

char) ii and trustons, 

Lai 

Ostrci . . Hai 11. B. Golgi bodies Absent ... None. 
Singh 

Caltnua UiUon, 1. P. None , Mitochondria Yes. 

Ophioceplio* Karsin, D. Golgi liodies Mitochondria Yes. 

Ills 

Disooglos- llibbnrd, II. 15a nep» lo Golgi bodies ... 
*03. Ibo cyto- 

plasm. 

rUn* . Narsin, U. Golgi bodies Mitochondria Yes. 

Ttrtoists . B h a 1 1 a- Uolgi bodies Mitochondria Vc». 

chary a. 
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Q^uus oranimal 

Author 

Pattr folk 

Altiunnnoui rolk 

Nucleclar 
«lrusion9, 
if present 

Fowl 

Brainboll 

l*i>a->ibl) under Uttuchoiidna 
the influence 
of Golgi 
bodies 

None. 

Birds (Pi- 
geon) 

Dds, R. b 

Golgi bodies 

Mitooiiondru 

None 

Lepua 

Dol Rio 
Ilortcga 

Afitocbondria 
and C) lo- 
plasm 



Lemur 

Rao, S 

Nucleolar 

omissions 

Milxcliondria 
and Golgi 
biidit« 

Yes. 
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SUMMARY 

(1) The Qolgi apparatus in Soylla Sorrato is revealed host by 
Da-Pano’s Cobalt nitrate raetbod andXjudford's tcohoiQue 

(2) The Golgi apparatus consists of discrete orescent-shaped 
or spherical bodies as revealed m flxod preparations as well as 
by Intfa-vitam examinations Tho spherical Golgi body may bo 
ditTorentialed into a chromophdie nm and a olMoraephobio centre 
while the diotyosome appears as an osmtophiho orescent attached 
to an archoplasmio area 

(3) In the oogonial stages the Qolgi elements appear m 
tho lorcn of a few black gcanulca lying in the clcir and Uotnogeno- 
ous cytoplasm adjacent to tho nucleus 

(4) In the early oocytes the Qolgi elements form a juxta- 
nuolcar complex mass— tho “ Yolk^nuclcus of Balbiam*’ which 
has been regarded as tho focus of growth and dispersal of Uolgi 
bodies. 

(b) Gradually, tho Golgi olcmenls bogm to got detached 
from tho compact mass and disperse m the oytoplisin till m a 
full-grown oooylo those bodies aro scon scattered throughout tho 
cytoplasm 

( 0 ) During tho formation of Yolk-nuclous some Golgi ele- 
ments swell up to form fatty yolk bodies by deposition of fat 
inside the ohromophobic or archoplasmio area 

(T) Patl) yolk bodies appear as solid black bodies in Ostmo 
preparations and are readily dissolved when treated with turpentine 
leaving clear vacuoles with on osmiopluiic nm or a crescent. 

(H) Mitochondria are revealed best by Regaud, Rogaud-Tupa 
and Champy-Nussonov techniques. 

(0) Like the Qolgi elements they also occur m tho “Yolk- 
nuoleus" area, whence they migrate round tho nucloua til] 
gradually they disperse throughout tho oytoplusm. They ore 
always granular and dust} and bavo never been noticed to swell 
up. No Clamcnter forms bare been observed 

(10) Nucleolar phenomenon is best uxhibitod m Boum prepa- 
rations stained willi Mann's loctliyl-bluo-eosm. 

(11) Trom tho voty bcgiDQing the nucleoli liave n tendency 
to plaster themselves to the nuclear membrane leaving behind 
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a protninenl basophil nacieolns Th® former pass out into the 
cytoplasm ns such or frasmeot into nucleolar extrusions 

(18) Tho basophil nuolcolus gircs out basopliil bodies winch 
pass out from the nucleus into tho cytoplasm. During this 
period they got transformed into oxyphil nucleolar extrusions 
which may indirectly inQuence the synthesis of proteid yolk. 

(13) Occasionally, the whole of the nucleolus is seen to ooino 
out of tho micleur membrano into tho ooplasm without apparently 
ruptoring tho nuclesr wall Tho significance of this is unknown 
but probably it buds off nucleolar extrusions in tho ooplasm. 

(14) Tho truo yolk or proteid yolk is formed "do noto”ui 
tho cytoplasm Mitoohoodria play absolutely no part in'iiello 
genesis 

(15) In tho latravitam examinaiiont, patches of neutral 
ted atainiog >aeuolcs havebcen observed which he quite distinct 
aodaeparaie from tho Oolgi bodies These oro the patches of 

Darat’a ■' Vacuoino ” Thur behaviour and functions are yet to he 

diacOTcred 


EXPLANATION Off I’L \TES 

The drawings were made under Lcitx .khbe Camera Lueida 
Figs 1*0 Ou'Fano preparations ataincd in Safranin and Light 
gtccQ Sectiooa were cut 6#m thickness 
Fig 1. Tho young oogonial atugo allowing a few disnreio Golgi 
granules 

Figf 2 and 3 Early oocytes in which the Golgi granules have 
n tendency to he on ono aide of ibc nucleus 
ffig. 4 An Oocyte showing lUo “ Yolkmuclcus of Balbiam formed 
by the Golgi bodies. 

I ig 6 An Oocyte in winch the Qolgi bodies have begun to detach 
tlicmselTes from the Yolk-nucleus of Balbiani, aod 
ecatter in the cytoplasm 

Fig G Showing a well advanoed oocyte m which the Golgi el®- 
roeols have scattered throughout the cytoplasm m th® 
form of vesicles and crescents Fatty yolk bodies ac® 
aLo visible formed by the Golgi bodies 
Pigs 7-14 Ludford preparations stained JO Cliampy-lvull 
Ffg 7 represents on e^rly oogomum showing two or three GoIS' 
granules m the clear hmnogeneous cytoplasm. 
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Figa 8“l0 represent early oooytM in whioli the Golgi granules 
inorcaso in number and lio juxtn.ouclear in position. 

Fig 11 An oocyte showing tho formation of tho “ Yolk*nuolens 
of Balbiani ” 

Fig 12. An oooyto where tho Oolgi bodies give rise to some 
fatty yolb bodies The yolk-nuoleus has begun to dis- 
seminate in the cytoplasm 

Fig 13 Showing the detached Qolgi Tfistoles and dictyosomes 
scattered throughout tho cytoplasm around tho nucleus. 

Fig 14 Showing a fully rteioloped oocyte m which the Oolgi 
elements ha^o dispersed throughout the cytoplasm 
Besides the fatty yolk bodies, some albuminous yolb 
bodies are also seen, stamed cherry red in ooid fuohsln 

Figs 15-23 ChampyXassonoT preparations stained m Champy- 
Kull. Sections 5 ;* in thickness. 

Fig. 15. An advanced oogonium showing two or three dusty 
granules of mitoohondna 

Pigs lO and IT represent early oocytes where tho mitochondrial 
granules increase m number and ho adjacent to tho 
nucleus. 

Fig 18 An oooyto whore tho mitochondria oocup m the ‘'Yolk- 
nuoleus of Dalbiani ” Somo albuminous yolk bodies 
are also visible stained m acid fuohsin. 

Figs, 10 and 20 represent oocytes where tho mitochondrial 
granules detach from tho yolk nuolous and form a 
pen-nuclear zone 

Pigs 21, 22 and 23 represent tho well advanced oooytcs where 
the mitochondria increase id number and soatter through- 
out the cytoplasm Albuminous yolk bodies aro fairly 
big m size and dispersed m the cytoplasmic area 

Pigs 24-27. Regaud preparations stained m Champy-Kull Sec- 
tions 6 M in thickness 

Fig 24 An early oocyte showmg some mitochondrial granules 
lying adjacent to the nuclens. 

Pis. 25 Showmg the torm.lion ' ot the “ Yolk-nuoleus of 
Balbiani,” 

Pigs 28 and 27. Showing the dispersal of the mitochondria in 
tho cytoplasm as In Cbampy-Nassonov preparations. 

Pigs 28-31. Bouin preparations stained m Mann’s methyl-blue- 
eosin Sections 6 m thickness. 
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Tig 28 Showing an ooeylo in which tliero aro many nucleoU 
witlim the nuoleii«, and nne of ihciii boing prominent 

Pig 29 Showing cm oocyte where (he miclcnh pUtilcr thomselns 
round tho nuclear membrane le.uing a prornineot bas®- 
p\iil nucleolus stained deep red in Mnnn’s raclliyl'bhie- 
coam 

I'lg 80 Showing some nsjphihe nucleolar pxlriHiona in the 
C) toplasm coming through (ho nuclear membrane Oxy- 
phil bodies are stained lighter in the atam. 

Pig 8l Showing a well adtanced oooyto m uhidi tlio c>toplasu’ 
IS fully packed with (he nucleolar extrusions 

Pigs 32-34 Topresont the Patty >olL fonnition Di-Fnno pre- 
pantions atuned in Safranindjight green 

Pig 22 Showing the vacuolar fatly yotk spheres each will* an 
Associated Golgi crescent or veswie, m Ihn region of 
tho >olk-nucteus 

Pigt 33 and 34 Showing (he oocTlet where Ihn intPrmednle 
stages between (ho Oolgi elements and the faltj yt>9^ 
boilies are seen (swollen up Golgi bodies) 

Fig 35 shows a Champy-Nassonor preparation Blamed tti 
Ghampy-KuW Representing the nlbuimtious yolk bodies 
stained cherry red in aoid fuclistn 

Pig 30 represents the centrifuged material fixed m Chattipy* 
NassonoT followed by Chimpy-Kull Three separate 
sones of mitoohondna, nUiummous yolk, and Golg> 
bodies with associated fatty yolk b«<hes are yiSible 
induitlually 

Pigs. 37 and 38 represent oocytes in “ Bouin " stained with Mann’® 
melhyl-bluo-eosiD, showing the occasional shifiiug of 
tho nucleolus into (he cytoplasm apparently without 
rupturing the nuclear wall In tho cytoplasm it presents 
an osyphihc consistenoy 

Figs 39, 40, 4t represeatoocytes as seeoin the lotra-vitam examioa* 
tion with Neutral ted These represent the struoture and 
dispersal of tho ‘Vaeuome’ patches, formed of congeries 
of small vacuoles stained red m neutral red 
Figs 42 and 43 represent oooytes studied afresh m 2 per cent 
osraic acid. These show the tatty yolk bodies and the 
Qolgi crescents and vesicles with an oamiophilic nm and 
a clear chroiuophobic area. 
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LETTERING 


Gb 

Golgi bodies. 

Gb, 

Swollen up Golgi bodies 

F. 

Pat 

Fy 

Patty yolk. 

M. 

Mitochondria 

Ay. 

Albuminous yolk. 

N. 

Nucleus 

Nu 

Nucleolus 

NB. 

Nucleolar extrusions. 

Y Muo 

Yolk-nucleus oC Balbiam 

B Nu 

Basophil nucleolus 

0 Nu 

Oxyphil niioleolus 

A No. 

Amphoph 1 nucleolus 

Vo. 

. Vacuome 
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SEOTION II 

CHEMISTRY 



IODINE VALUE OF SATURATED FATTY 
ACIDS AND THEIR SALTS 

BT 

HAK KUMAR PR AS AT) VABMA, M Sc.. 

Restareh Sehoiar, Ohemtsiry Department 
In 1898 "Wija* proposed a method for tho determination 
of Iodine Value in 'which iodine trichloride was made to 
be absorbed by oils in presenoe of glacial acetic acid. Hubl, 
"Winkler and others* have proposed alternative methods for 
the determination of iodine numbers and since then, various 
investigators have determined tho iodine number for almost 
all vegetable and animal fats* and unsaturated fatty acids 
Up till now it had been supposed that unsaturation is an 
essential condition for the absorption of iodine and this 
was the reason why only the nosatorated fats and oils have 
been investigated 

In a previous comcnnnication from this laboratotyi 
Falit and Dhar* studied the oxidation of the salts of saturat- 
ed fatty acids by passing a current of air through their 
solutions in presence of various inductors in tropical snn- 
light. They found that the amount of the fat thus oxidised 
can easily be estimated by determining the amount of 
absorption of iodine trichloride by fat before and after the 
experiments. From tbeso results -we aro led to think that 


* Wya Ber, 31, 750 (1898) • Ztsohr Nahr. U Genus, 4, 013 
(IGOl). 

* Rowland Williams J. Sec. Gbem. Ind , 19, 300 (1800), 
Tolinan and Munson J. Aioer. Chem 8oo., 25, 244 (1003); 
Aschenan. Chem. Ztg, 22, 60, 71(1898); Margosches, Bara and 
Wolf* Z Anal Cbeoi , 62, 178 (1023). Weiser and Donath: 
ZoUsoh Nahr Qenussm, 25, 6S (1814). 

* Palit and Obar * J Phya Chem , 711 (1030), 
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saloralcd faUy acids do also possess a specific iodine nomberi 
howsoever small it ina> be, in comparison to that of the 
unsaturated compounds 

in the present paper, 1 Itavo thoroufrhl) itivcstismted 
this problem and liave detcrimnod the iodine value of the 
following substances — 

Propionic Acid. 

Sodium Propionate 
llnlyric Acid, 

Sodium Potjratc 
Stcanc Acid 
Polaastom Slcamto. 

Palmitic Acid 


EXPERIMENTAL 

In the detcrnunation of tho iodino value the procedure 
tfcommooded by Wijswaa followed' The followinjr reagents 
were prepared "~ 

1. Iodine Solution — ^Tlus was prepared by dissolving 
thirteen grams of lodino in one litre of glacial acetic acid 
Pure glacial acetic acid, which did not give a green colour 
on heating with potassium diclirouiate and BalpUunc acid 
after prolonged standing (for about six to eight hoursl, was 
used 10 c< of this solution were titrated with a standard 
solution of sodium thiosulphate. Chlorine, purified and dried 
bj washing through concentrated sulphuric acid vias led into 
the iodine solution, till it changed colour and its iodine 
content was doubled The solution was kept for 24 hours 
before being used (I,dfirkowitcb) 

2 Standard sojinm thiosulphate solution — It was 
prepared by dissolving a carefolly weighed amount of the 
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puTO salt ID distilled vrater and making it ap to a known 
volume. A fairly dilute solution of about 0 025N strength 
was employed 

3 A 100 per cent potassium iodide solution ivas used. 

4 A fresh starch solution of about 1 0 per cent 
strength was prepared for use as an indicator, by pouring 
an emulsion of starch m cold water in nearly boiling water 
contained in a beaker, and stirring it 

A carefully weighed quantity of tho pure fatty acid or 
one of its salts was dissolved in some pure glacial acetic 
acid, and the aolutiou was then made np to 100 c.c. by 
adding the iodine solution as prepared aboic Immediately 

after preparation, 10 cc. of this solution was taken in a 
glass-atoppercd Jena bottle, 10 c c of a 10 0 per cent 
potassium iodide solution and 25 c c water added, and 
the whole titrated with a standard solution of potassium 
thiosnlphato This gave the blank reading 10 c.c of the 
solution of the fat were taken in each of a number of glass- 
stoppflred Jena bottles and kept jn an electrically*driven 
rocking machine for a number of hours in order to keep 
tho solution in a constant state of agitation thronghout 
The bottles were covered with a thick dark'Coloured paper 
to protect them from diffused light They were taken out 
as required, 10 c c of a 10 per cent potassium iodide solution 
and 25 c c. water added, and tho whole titrated with a 
standard sodium thiosulphato solution From this data, tho 
iodine value was calcalatcd in the usual manner. 
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Tablb I 

Abiorption of Iodine by Propionic Acid 

8 1228 pms of propionic acid was (lis><o!vcd in glacial 
occtir acid, and the solution was then made up to 100 c c- 
w itii the iodine solution as prepared aboi c. 

Concentration of the sodium thiosnlphato solution 
u8cd=i;/38 29 

10 cc of the ahoTO solntion required 21*0 c.c sodiuin 
thioaulphatc (Blank) 

10 c c of the aho\e eolntion •fterc titrated with hypo 


after shaking mechanically for . — 


Hours 

Ni38 2l) hypo required 

Iodine Value 

Ij 

204CC 

025 

24 

20-3CC 

0-20 

41 

177CC 

135 

47 

17 25CC 

153 


Before cacli titration, 10 c c. of a 10 per cent potassiuffl 
iodide solution and 25 e>c water were added to each bottle* 
The starch solution was added near the end of tho titration 
when the colour of the solution became very pale 

Table II 

AbiorpUoo of Iodine by Sodium Propionate 

1 5518 gms of sodinin propionate was dissolred in 
glacial acetic acid, and the solution was made op to 100 c c* 
by adding iodine solution. 

Concentration of the bypo-eoluUon nsed = K/38’29. 

10 cc. of the above eolation were taken in a glasS' 
stoppered bottle. 10 cc of a 10 per cent KI solnKon and 
S') c c. water were added to it It required 12 3 c.c* of 
N/38 29 Na,S,0, (Blank) 

10 c c of the fat solnhon were taken in each of the 
two glass-stoppered bottles and were shaken mechamcally 
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fot a aambeT of bouta. Mtcx that 10 c.o. of 10 pet coat K1 
Bolution and 25 c-c. crater vrere added to each bottle, and 
then titrated -with NaaSjOa 

Hours N/aa‘29 N»»S,0, required Iodine Value 
6 7*8 e.o 0 90 

22 7*2 0.0. rl 

Tabi^ III 

Absorptian of Iodine by Butyric Acid 

1*6369 gma. of butyric acid were dissolved m glacial 
acetic acid, and the Bolutioa was made up to 100 c.c. by 
adding iodine eolation 

Concentration of NosSjOs solution u8ed = N/38 29 
10 c.c. of the solution of the fat were taken in a glass- 
stoppered bottle, 10 cc of a 10 percent KI solntion and 
25 O.C. water wore added to it It required 27 5 o c of 
N/38'2a Na.S.O, (Blank). 

10 C .0 of the fat solution were taken in each of the 
tiiree glass-stoppered Jena bottles, and were eliaken me- 
cbanically for a number of hours After that, 10 c.c. of 10 
percent KI and 25 c.c. water wore added to each bottle, 
whicli were then titrated with NajSjOs. 

Hours N/d8 20 Ni«»S,Oj required Iodine Value 
24 27*25 0 0. 0*43 

47 27*10 0 0. 0*69 

72 26 90OC. 1*13. 

‘ Table IV 

Absorption of Iodine by Sodium Butyrate 

1*5767 gmB. of eoditnn butyrato were dissolved in 
glacial acetic acid, and the solution waa made up to 100 c.c. 
by adding iodine solution. 
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StfMiffth of Bodmm thiosnlpliatc solution =N/3S*29. 

10 c-c- of tlic above solntion vvcro taken in n gla«3- 
fitoppered bottle, 10 e c of 10 per cent KI solution and 
25 C.C- ■water ^ero added to it- It rcijuired 11*4 c.c. of 
N/38-29 Na,S,0, (Blank) 

10 c-c. of tbe solution of the fat were taken in each 
of the four plass-stoppored bottles, winch were shaken 
mechanically for a number of hours After that, 10 c c of 
10 per cent Kl solution and 25 c-c water were added to each 
bottle, and then titrated ■with NfisSjOs. 


Hours N/33 20 Ka«S,0« Oicd 
6 83oc. 

23 8-2C.C. 

29 82C.C 

45 8 0 CO 


Iodine Valao 
0^5 
067 
067 
0-72 


Table V 

Abiorption of Iodine by Stearic Actd 

1'2357 ptno. of stearic acid was dissolved in glacial 
acetic acid, and the eolation was made up to 100 c-c. bj 
adding iodine solution 

Concentration of Na,S*Os solution ased=N/3S29 
10 c-c- of the fat solutioo were taken in a glass-stoppered, 
bottle, 10 c-c- of 10 per cent KI eolation and 25 cc- water 
were added to it It required 27 3 c o- of Iv/3&'29NafSjO» 
(Blank) 

10 c-c- of the solotiou of the fat ■were taken m each of 
the three glass-stoppered bottles, which were shaken 
mechanically for a number of hours After that, 10 c/! of 
10 per cent KI solution and 26 cc. water were added to 
each bottle, and then btrated with KajS^Os- 

Houra N/3829Na,8,0, used Iodine Value 

16 S6 9c£. t'4 

25 26 8 00 1*7 

39 26 6 o.e 2*4 
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Table YI 

Absorption of Iodine by Palmitic Acid 
l’09S3 ^ms of pilmtlic acid wns dtasolvod in glacial 
acetic acid, and the solution was made up to 100 c.c. by 
odding iodmo solution 

Strength ofNnjS.Oi solution s=N/38 29 
10 c c. of the f.it solution was taken in a glass-stopper' 
ed bottle, 10 c,c. of 10 per cent K1 solntion and 25 c.c 
water wore added to it It required 429 c-c- of 
N/38 29Na,S,Os {WankV 

10 c c. of the solution of the fat were taken in each of 
the four glasa-stopporcd bottles, wbicli were shaken 
mcchanicallj for a number of hours. After that, 10 c.c. of 
10 per cent Id solution and 25 c.c. water were added to 
each bottle, and then titrated with Na^SjOj 


Hours 

N/38 29N#,S,0»iisel 

Iodine ' 

15 

4l*D 0 0. 

OSO 

24 

41*7 0 0. 

0*30 

38 

4t*3 0 0 

0 48 

60 

40*8 0 0. 

0*63 


Table VII 



Abiorption of Iodine by Potassium Stearate 
0 5642 gms of potassium stearate was dissolved in 
glacial acetic acid, and the solntion was made np to 100 c c. 
by adding iodine solution. 

Concentration of NajS^Os eolation used =5^/44 9 
10 c c of the fat solution was taken in a gl.iss-stoppored 
bottle, 10 c c* of 10 per cent KI solution and 25 cc. water 
were added to it. It xequired 27*2 c.c of N/44'9Na8S20s 
(Blank) 

F. IB 



114 


THE AlLiHABA® tWIVEEMTr BTtIDlES 


10 C.C. of tho solution of tiiefat were taton in each of the 
three glass-stoppered l*otUc3,Mhicli weroshaken mechanically 
for a number of hours After that 10 c c of 10 per cent 
KI solution and 25 c c. ^ater were added to each bottle, and 
then titrated with KajSjOs 

Hours Nl4tONa,&,Ot Hs'd Iodine Vnlue 

31 25^0 0 0-85 

■SO 241 CO I -iS 

73 2ltoo I && 

DISCUSSION 

From the results recorded in the prcrioua tobies, it 
would bo seen that sofiicient quantity of iodine w absorbed 
by such saturated compounds as butync acid, propionic acid, 
stearic acid, aud palmitic acids and also by their sodium 
and potassium salts. The experiments have been repeated 
many times and the possibility of the experimental error 
has been avoided as far as possibio It can be said with 
confidenco that saturated acids also possess an iodine num* 
her similar to that in the case of unsatorated acids It is 
also clear from my obserTations that tho iodine value of 
these substances continuously increases with time. It is 
only after tho lapse of a considerable time, that the iodine 
value, in tho case of saturated coinpoanda, attains a maxi- 
mum. In the case of unsatnrated compound, it has been 
generally observed that tho tnaxirnum condition is reached 
within a few hours. 

blargosches, Friedmann, TBchomet^obaerved sometluDg 
like the iodine super-valno id the case of olive, castor and 
linseed oils and oleic, ricinoleic, and Imoleic acids in aqueous 
alcoholic solutions. It shows that unsaturated acids are, 

(I925) P’f'Pdmjfin sint Teohorner Ber. S8 (B), 7^ 
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in tho first instacco, converted into satorated todino com- 
-pounds /which are capable of farther oxidation. 1 am of 
opinion that the iodine nnmbor for the saturated acids can 
also bo explained In a similar way. Tho mechanism pro- 
posed by tho above authors for tho supor-iodme value is as 
follows : — 

tl) I8+H,0«=HI + H10. 

<2) R'GH; CH.CHan"+HIO = R'CHI.CH(OH). CHsU'. 
(3) R'CHI.CHCOH). CH,Il'+HIO=R'CHI. .GH(OH). 
CH(OH)R*'+HL 

In tho first step Iodine is actually added to the unsatu- 
rated molecule, while in the second step the iodine acts as 
an oxidising agent. Similarly, tho iodine absorption of 
saturated fatty acids can be explained in the following way • — 
0) ja,0 + I,«HI+SI0. 

'(3) RCHaOSsOOOH+HlO«RCH,-CH(OH). OOOH+ 
HL 

' Tho above authors also observed that for the super- 
iodine value tho substances must remain in contact for 
‘twotrty -four hours QT a longer period. The iodine numbers 
which I have obtained for saturated compounds -do not 
exceed 2'o in value, while in the case of unsaturated sub- 
stances they ore often as high as 200. This very fact shows 
that the iodine nnmber of saturated compounds is not 
priniaty, but secondary. 

The lodme value has been, op till now, associated with 
unsaturation and it has been regarded as a reliable method 
for tho estimation of unsaturation. It may be stated, 
howcivev, that the iodine vaWo, thus detenmoed, gxvee the 
combined values doe to unsaturation and the secondary 
Oxidation of satnrated compounds* 

The results recorded m the previous tables also show 
that there exists no relationship between the iodine value 
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and tlio numlipr of carbon atom* of the eaturated fatly 
compound AccHc acid docs not appear to absorb jodmo 
to any luatkoil extent eten wlicn kept m contact for 
45 hoars as is seen from the following results 

Tahw VIII 

Foot battles were taken each containing 5 c c» lodmo 
holution B9 prepared nbotc. They «cro titrated with K/38'29 
hypo after a number of hour*. 

No of Jmura N/JS 2*) liypo u»«J 

Immediatel; 2'2&5 c>o 

After 20 lirs 22 « c.e. 

Atier 20 lira 22 C c c 

After 45 lirs 220 oo. 

IIowcTcr, as soon as ibo number of carbon atoms 
increases, tbo poiicr of absorbing lodino is at once oxhibited 
It 18 strange tbatpropionic and Bteario acids possess a remark* 
ably higher raloo than the Imlync and palmitio acids In 
the case of propionic end bnlync acids, tho sodium salts 
possess higher raloo than tho corrcspoDding free acids 
From this it appears that sodiuro salts are more liable to 
oxidation. 
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SUMMARY 

1 The iodine valuei for the following saturated fatty acids 
have been determined —propionio, butyrio, palmitic and steano 

2. It has been shown that the saturated fatty acids also possess 
an iodine value, which, however, continuously increases with tune. 

3 The iodine value of the sodium salts of the above acids 
has also been determined, aod it has been shown that the salts 
generally possess a higher value than the oorresponding aoids 

4 There appears to be no relationship between the iodine 
value and the constitution of the compound 

6. A mechanism for the absorption of iodine has been suggest- 
ed aod jt J3 bcljeviid that the iodine value is not due to the additioa 
of iodine to the striioture of the molecule, but to the oxidation of 
the methylene group 
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colourless transparent jell} On vrarming, however, the 
jelly was transformed to a gelatmons precipitate 

Klosky and Slarrano' prepared firm transparent jellies 
bj neutralising slowly an acid solution of titanium dioxide 
with sodium, potassium or amnioniam carbonates Recently, 
Bbatia and (ihosli® obtained a sol of titanic acid by dialys- 
ing a solution of titaninm tetrachloride in water {Cf- 
Majumdar J Indian Chein Soc , (I. Si 7 (1929) They 
observed tint this sol sets to a jelly by the addition of 
electrolytes The sol prepared by them, however, appears 
to be positively charged 

d/oZj/Jdic -IciJ. — Xot much work appears to have been 
done on roolybdic acid jellies Tt has heon observed that 
on addition of suitable concentrations of hydrochloric acid 
to a strong solution of ainmooium molybdate, the molybdic 
acid 18 precipitated in the form of a solid opaque jelly* 

Tns Jellies op Basic nTOBOXiDES 

The most commoo of the inorganic hydroxide jellms 
are those of iron, chforDiom. aluminium, tin, zirconium, 
copper, mercury, manganese, scandium, erbium, cenumand 
non-aqueous gel of nickel 

Feme Jhjdroxide Jelly — Gnmaus* added an alcoholic 
solution of ferric ethylate to nti excess of water, which on 
hydrolysis yielded colloidal ferric oxide. The sol coagu- 
lated spontaneously on standing for aoino time at the room 
temperature and more rapidly on beating or adding 
electrolyte*!, like potassiom or bartom chlorides or Bulphunc 
acid, m some cases forming a transparent jelly, provided the 
sol 13 not agitated during the coagoUtion Even dilute sols 
gave firm jellies Contraction took place in the jellies, 
however, m the cold and this too, very rapidly at higher 
temperatures 

‘ J Phys Chcra., 5?, 1123(1925) 

J Indian ChPm.Soo 7,687(1930) 

Compt Rend , 95, l(fe, 1434 (1684). 
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Tho ferric hydroxide sol prepared by the Graham’s 
method does not give jellies, but if the concentration be 
sufGcicntly high, a jelly may be formed Schalck and 
Szegvary* added electrolytes m amounts below their 
precipitation values to the colloulal solutions containing 
6 to 10 per cent ferric oxide and allowed tlie sols to stand 
quietly After a time, the mixture set to a jelly which was 
almost as transparent as tho original sol This jelly slowly 
developed opalescence It also exhibited the phenomenon 
of thixotropy, i e., the gel on shaking was transformed to sol 
which on standing re-formed the gel 

Gnmaux* obtained a firm jolly by dialysis of a negative 
. sol prepared by peptisation of hydrous oxide with alkali m 
the presence of glycerine If ammonia were used instead 
of caustic alkali, and the sol exposed to air, the slow loss 
of the peptisiog agent by evaporation, also resulted in 
the precipitation of a jolly. Fischer® prepared a firm 
jelly by the prolonged dialysis of a sol containing but 
one per cent of iron Browne obtained a jelly simply by 
allowing a part of tho water to evaporate slowly from a 
concentrated Graham sol of high purity 

’ Dhar and Cbakravarti* ob3er>ed that various metallic 
hydroxide jellies can be prepared by adding sodium acetate 
to a metallic nitrate or cbloride, and allowing the hydroxide 
to coagulate in the presence of ammonium sulphate, and 
also regulating the hydrogen ion concentration by tho 
addition of suitable amounts of ammonia. 

In a recent communication, Prakash and Dhar* have 
investigated the formation of this jelly by the above method 
in details Tho jelly has been prepared by adding varying 
senoaats of 5'5-i ^ sodium acetate to if/2 feme cliJonda 

' KoUoid-Z , 32, 318 ; 33, 326 (1923). 

’ Oorapt. Rend , 93. 1485 (1884) 

’ Bioohem Z., 27, 243 (1910). 

* Z. Anorg Cliem , ICS, 209 (1027). 

J Indian Chem. Soo , 7, 601 (1^), 
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thiSjjelly We hare obserred that the jelly is best prepared 
by adding a soKcient amount of 3 54 N sodiam acetate to 
iI/2 solution of ferric chloride in prcscnco of small amounts 
of 2M ammonium sulphate The mixture is allorred to 
stand for about an hour and then some ammonia is added 
to It If the mixture is not allowed to stand for sofScieut 
time before the addition of ammonia, it will cause an 
immediate precipitation and no jelly would be obtained 

The clear mixture thus obtained develops opalescence 
and if the concentrations of tho constituents are suitable, a 
jelly would be formed The time of setting of the jelly 
would depend upon the relative concentrations of the 
reactants, as is shown in the follomog table * 


Table II 

Total I'o/imie— 5 c c 


u;s OrOl, 

ZUS 

todium 

•c»Ut« 

SU 

AmmeaiaiD 

(ulpbtt« 

KIS 

Amm«oiB 

Ob»erT«tiPik 

0 0 

c c 

0 0. 

c.o 


20 

0*7 


07 


20 

ro 

Oft 

07 

Translucent jelly 

21 hrs 

20 

1'3 

05 

07 

Translucent jelly m 

20 

fo 



Clear solution, no jelly 

20 

1 5 

05 

to 

Firm opaque jelly »“ 

20 

1 3 

02 

07 

Translucent jelly m 

20 

1 3 

07 

07 

Onaaue jelly in S.brs 

20 

1*3 

1*0 

0-7 

Opaque jellyin 2l hw 

20 




Cieafsolution.nojeuy 

2-0 

1*0 

06 

10 

Translucent jelly 

2-0 

1*0 

0*6 

1*3 

15 brs . . 

Onaaue lelly m 2l hrs 


0 

05 

07 



1*0 

05 

0*7 

Loose jelly m 24 brs 


By studying the influence of tho variation of the con- 
centration of these reactants, it has been observed that as 
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in tho case of ferric hydroxide, a unnimuin amount of 
Bodmm acetate is necessary for a given amount of chromic 
chloride foi tho jelly formation Similarly, tho addition 
of greater quantities of amiiiomnm sulphate always gives tlie 
jellies of woakor texture in a longer time. Tho regulation 
of the quantities of ammonia is also an important factor 
in the formation of this jelly , and a sufficient quantity 
of ammonia (■^\hich is much greater tlian Aias necessary 
for the preparation of feme hydroxide jelly) has always to 
be added before a jelly could be expected 

The jellies obtained by dilute solutions of chromic 
chloride are translucent, but those with concentrated solu- 
tions are opaque The jellies are very stable and of fine 
texture, and do not uudorgo any marked synercsis 

The jelly prepared by Weiser’s method (loc cit ) liy 
the addition of the excess of caustic alkali to chromic 
chloride solution is green and not so fine in texture as 
obtained by our method The jellies which we have de- 
scribed are violet in colour and resemble those of Reinitzer, 
though we have prepared them at the ordinary room 
temperature 

Aluminium Htjd) oitde Jelly — Not much work appears 
to have been done on this jelly A sol formed by peptising 
sufficient amount of hydrous alumina to form a viscous liquid 
has been observed to set to a jelly on standing. The jelly 
breaks up on shaking and canuot be re-converted to tlie gel 
form. Schalek and Szegvary* prepared a sol by Crum’s 
method which set to a jelly ou the addition of a suitable 
amount of electrolyte just below the precipitation value 
On shaking, tlio sol was re-formed which again set to a jelly 
on standing, thus exhibiting thixotropy. It has also been 
observed that a jelly may be formed by peptising hydrous 
alumina with acetic acid but elidkiog converts the jelly into 
a gelatinous precipitate tliat is not rc-peptised 


Kolloid-Z , 33 , 328 (1023) 
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The preparation of tins jellj by tho usual Prakash and 
Dliar's method* requires more regulation of the concen* 
initions of the reactants than iron or chromium hjdroxlde 
jellies To M/2 solution of aluminium nitrate are added 
varying concectrations of 3 54 S sodium acetate and 2M 
ammonium sulphate, and then a little of 5 81 X ammonia 
IS added, drop by drop with constant stirring, and thus 
a clear colourless solution is obtained which soon develops 
opalescence on standing, and if the concentrations are 
favourable, firm translucent or opaque jollies are obtained 
In some cases, the opalescence of these jollies increases 
with time and finally even translacent jellies become opaque. 
Some of tlie concentrations for the prepamtiOQ of these 
jellies are given below 


Tuile ni 
Total T'ofiiiMe— 5 cc 


Sin 

A1 INOtb 

1 SUM ' 

1 SoOlUlD 1 

i sc*!*!* 

an 

AaetDiom 

5SIMr 

Aoineiua 

Obi^rTAtlCD 

C. C. ; 

c. c 

c o 

c c 


,2*0 ! 

1-0 

05 

05 

Transparent jelly m 

20 







05 

Translucent jelly 

1 






1*2 

07 

05 

Precipitate, no jelly 




06 

Translucent jelly m 

2'0 1 





1 0 i 

t2 

06 

Upaqne jelly in Sa brsr 




06 

Translucent jeliy m 

SO ' 





1*0 1 

05 

0 I 

White precipitate, no 

20 







0 3 ' 

Transparent jelly m 

20 




3 days 


OT 

04 

Transparent jellv ui 

1-0 

2<ofO 76M5 




26 hra 

1*0 

l‘l 

eo 

0*5 

05 

No jelly 

Translucent jell) 

2(of075ll) 

1 1 

1 « 1 

oe 

2 days 

Precipitate, no jelly 


‘ toe Clt 
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There appears to be a very limited range over ■which 
the quantity of sodium acetate could bo varied. The addi- 
tion of large amounts of ammomum sulphate slightly de- 
creases the timo of sotting, but increases the opacity of 
the jelly. It has also been observed that greater the con- 
centration of animonmra sulphate, the less would bo the 
amount of ammonia necessary to give a jelly The addition 
of ammonia m large qnantities. however, gives either 
opaque or loose jellies or precipitates Aluminium hydroxide 
jeihes prepared by our method are very stable, quite 
nniforra in texture. 

Stannic Hydroxide Jelltf — Ik has been observed’ that 
when a colloidal solution of hydrous stannic oxide is evapo- 
rated, a transparent jelly is obtained, whilst precipitation 
xrith electrolytes is said to give always a gelatinous preci- 
pitate, but no jelly. Weiser* prepared colloidal stannic 
oxide by Zsigmondy’s method, le., by allowing a small 
amount of stannic cblonde-bydrato to stand in a large 
amount of water for throe days, and u ashing the resulted 
hydroxide by the aid of centrifuge until it uas so free from 
chlorides that it started to go into the colloidal solution 
Several of these cashed portions were combined, shaken 
Up -with water containing a small amount of ammonia, 
and allowed to stand until the pcptlsation was complete. 
The excess of ammonia was removed by boiling which 
ages the colloidal oxide The sol obtained in this way 
was mixed with different amounts of coagulating elec- 
trolytes, and allowed to stand for two days Under suitable 
conditions, this gave transparent jellies, and sometimes only 
cloudy jellies could be obtained- 

"We have prepared etannic hydroxide jellies by the 
addition of varying concentrations of 35i N sodium acetato 
to M/2 solution of tin tetrachloride (liquid Kahlbaum) in 

' Zsigmondy Spear, “ Cliemistr) ol Colloids,” 165 {1017). 

* J Phys Chem , 26, 6Si (1823). 
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presence of small quantities of aoitnoninm gulpliate* The 
solution soon derelops opalescence and finallj a jellj is 
obtained The addition of ammonia is not necessary to 
obtain this jelly 

In certain cases, it has been obsetred that ^here 
stannic chloride solution is accompanied -with free hydro- 
chloric acid as in the cases of hydrated crystals of stannic 
chloride, or an old solution of tin tetrachloridci the addition 
of ammonia la also essential to obtain a jelly. Some of the 


concentrations to pive a jelly are ffiTcn below . 

Table IV 

Tolal Volnme — 5 e c 


1 

M/2 

SoGl. 

3 5tS 
eo<lium 
«rct«te 

a« 

Aramootum 

•ulphste 

Aibpiocii* 

1 

Obaermtion 

0 . c 

0 C 

C C 

CO 


so 

OT 

06 

0 i 

Clear solulicn, no jeby> 
Opaque jelly m cue day. 

2 0 

09 

06 

0 

2*0 

1 0 

06 

i ^ 

Opaque jelly in one dayi 
eliRht syoeresis after 
two days 

2*0 

1 2 

05 

0 

Immedinlelf opaque 

jelly, readily undergo* 
IOC eyoeresis 


1 0 

015 

0 

Opaque jelly •“ 
minutes, eynereais 
after 5 hrs 

2*0 

1 0 

07 

0 

Opaque jelly * ® 

10 minutes 

2‘y 1 

1 0 

00 

0 

Opaque jelly m 

2 minutes, syneresis 
soon starts. 

2-0 

07 

05 

0 1 

White opaque jelly m 

32 hrs 


07 

Q& 

02 

tVhile opaque jelJj m 


07 ! 

05 

03 

Loose jellv immedialf'- 
ly, soon undergoing 
syneresis 


0*5 

0‘I 

0 

Opaque jelly • “ 

10 minutes 


0*4 

0 1 

0 

Firm opaque jell) «» 
one day. 
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It has been observed that there is always a limited 
range over winch the quantity of sodium acetate can bo 
extended to give a jelly The jellies obtained by tlie addi- 
tion of large amounts of either sodium acetate or ammoniuin 
Bulphato begin to break or syneriae at once The addition 
of ammonia is also necessary wheio the concentrations of 
sodium acetate and ammonium sulphate are insufficient to 
give jellies 

Stannic hydroxide jellies obtained by the above method 
are opaque. Some of these are very stable, v\ Inle others 
break up ou ageing 

Zireomuin Hydroxide Jellies - — It was, perhaps, for the 
first time observed by Rosenheim and Hcitzinann,* and 
afterwards by Dhar and collaborators* that rirconmm 
hydroxide jellies can be obtained by the dialysis zirconia sols. 
If 10 per cent solution of zirconium nitrate be allowed to 
dialyse for about a iveek, a cleai sol is obtained winch when 
coagulated with potassium chloride or sulphate yields jollies 
or gelatinous precipitates according to the conditions. 
The jellies are perfectly transparent, and if tlie electrolyte 
added is not in too much excess, the jellies may bo kept 
as such for months without undergoing marked syneresis 
If the coagulating electrolyte is added jn excess, the jellies 
rapidly synerise 

I have farther observed that unstable translucent jellies 
of zirconium hydroxide can be obtained by simply adding 
sodium acetate to zirconium nitrate solution and allowing 
iiio mixture to stand for a few ininutos The addition of 
sulphate ions is not essential, though favourable for the 
formation of the jellies as has been shown in tho following 
table 


‘ Ber.,.i«),8lO (1007) 

' J. Indian Clsem. Soc , 5, 309 (1028) 
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and Dhar' have studied the nature of the syneresis of this 
jelly 

Scandium Oxide Jellies — This jelly has not attracted 
much attention, simplj Bohm and Xiclassen® made some 
ohseriations with li By dialysing a solution of scandium 
chloride, ScClg, to which ainmonu is added short of pre- 
cipitation, a hjdrous sol results which sets to a jelly when 
treated with snitahlc amounts of electrolytes It appears 
that this jeiley also ethibits thixotropic property, for on 
shaking under favourable conditions, it is transformed to a 
sol condition, and again reversed to a gel state on standing 
quietly 

Erbium Oxide Jelly — Bohiu and NielasBen* nsed the 
method of the preparation of scandium oxide jelly m the 
preparation of orbiuoi oxide jellj They dialysed a solution 
of erbium nitrate to which ammonia was added short of 
precipitation The sol thus obtained sets to a jelly on adding 
a suitable amount of coagulating electrolytes 

Cene ITijdrottde Jellt/^Vethaps, Biltz* wasthefirstto 
obtain this jelly, but Fernau and Pauli* were the first to 
make an important lavestigation of the various properties of 
the sol and they also observed that 9 and 7 rays from 
radmmact on it m muchthesame manner as coagulating elec- 
trolytes The sol on the prolonged exposure gives the jelly* 
Ceric hydroxide jellies are best prepared by coagu- 
lating the sol obtained by the dialysis of a 10 per cent eerie 
ammonium nitrate for about 5 — 7 days Krujt and van det 
Made* observed that if the dialysis be carried to suK- 
cient extent, the so! sets itself to a firm jelly* This jcUy 
returns to the sol condition if shaken up with a quantitv 


' J, Indian Chem , 7, 417 (1930) 

' Z anorg Clicia , 132, 6 (1931) 

’ Ijoo. cit , 

* Ber , 55, 4435 (1002), Z aaorp Chem., 155, SK5 {1«27; 

* KoUoid-Z . 20, 20 (1017) 

* Rec. Trav. Chim , (4) 42 277 (1923) 
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of freshly dialysed sol Nitric acid is undoubtedly a 
peptising agent in the sol, and thus the sol is moio stabili- 
sed in its presence Dhar^ farther studied this jelly. 
It appears that the tenipeialure at which the dialysis is 
carried has much influence upon the gelation properties of 
this substance. The higher the tempeiature of dialysis, the 
less is the hydration tendency developed by the particles I 
have observed that if cenc ammonmoi nitrate be dialysed 
at the temperature of tropical summer, the sol yields jellies 
only with difficulty* The jellies aic moie readily formed 
if the coagulation is affected by iodide ions than with 
chloride or nitrate 

• Ceric hydroxide gives transparent jellies, some of 
which are very stable and can be preserved as such 
whilst others undergo marked syneresis in the course of 
time Certainly, this depends on the purity of the sol and 
the concentratiOQ of the coagulating electrolyte used in tho 
preparation of the jelly* 

Desai* Las observed that the time required for tho 
gel formation m the dialyser decreases considerably and 
the degree of the hydration of the gel increases with tho 
rise m temperature at which the dialysis is earned out 
However, I am of the opinion, that as the temperature 
increases the degree of hydration must decrease provided 
the other factors are the saroo In the experiments of 
Hesai, tho apparent increase in hydration is not directly 
due to the increase in temperature, but to the fact that at 
higher temperatures, the process of dialysis is quicker and 
thus the sol 18 more readily purified, and certainly, tlio 
greater tho purity of tbo sol, the less w’ould bo tlie time 
of gelation. 


* ChaVravarti, Ghosh and Dhar, Z. anorg. Chem., JC4, OJ (1027) 
’ Kolloid, Chem Dcih.,i^f, 422 (1928). 
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and Dhar' hive studied the natoro of the syneresis of this 
jelly. 

Scandium Oxide JeUi>’3 — This jelly has not attracted 
much attention, simply Bohm and Niclasseo* made some 
observations with iL By dialysin? a solution of scandium 
chloride, ScClj to which ammonia is added sliort of pre- 
cipitation, a livdroua sol results nhicli sets to a jelly when 
treated with suitahle amonnts of electrolytes It appears 
that this jelley also exhibits thixotropic property, for on 
shaking under fatourablc conditions, it is transformed to a 
sol condition, and apim rcTorsed to a gel state on standinfr 
quietly 

Erbtiim Oxide Jelly — Bohm and Xidassen* ti«od the 
method of the preparation of ecandium oxide jelly 't* 
preparation of erbium oxide jeliy They dialysed a solution 
of erbium nitrate to winch ammonia was added short of 
precipitation The sol thus obtained sets to a jelly on nddmp 
Q suitable amount of coafruhlinp electrolytes 

Ctrte ITydrottde Jelly -~Vet\i'\[i%, Bills* was the first to 
obtain this jolly, but Fernau and Paoli* were the first to 
make an important invcstiiration of tho rarious properties of 
the sol and they also olisertcd that s ond y rays from 
radinmnet on it in muchthcsanie manner ascoaRulatini; elec- 
trolytes. The sol on the prolonged esposore pires the jelly. 

Ceric hydroxide jellies arc best prepared by coacu- 
latinp the sol obtained by tlic dialysis of a 10 per cent ceric 
niiimoninm nitrate for about 5 — 7 days Kruyt and van def 
Slade* observed that if the dialysis bo carried to suffi- 
cient extent, ilic sol sets Itself to a firm jelly. Thu jelly 
retnrns to the sol condition if sliaken up with a quantity 
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of freshly dialysed aol Nitric acid is nndoubtedly a 
peptismg apent in the sol, and thns the sol is moio stabili- 
sed in its presence Dhar* further studied this jelly 
It appears that the tempeiature at which the dialjsis is 
carried has much influence upon the gelation properties of 
this substance Tlie higher the tempciaturo of dialysis, the 
less is the hydration tendency developed bj the particles I 
have observed that if ceric ammonium mtiate be dialjsocl 
at the temperature of tropical sumiiicr, tlio sol yields jellies 
only -with difficulty The jellies are moie leadily formed 
if the coagulation is affected by iodide ions than with 
chloride or nitrate. 

Ceno hjdroxidc gives transparent jellies, some of 
which are very stalde and can be preserved as such 
whilst others undergo marked sjneresis in the course of 
time Certainly, this depends on the purity of the sol and 
the concentration of the coagulating electrolyte used in the 
preparation of the jelly. 

Desai* has observed that the tune requiied for the 
gel formation in the dialyser decreases considerably and 
the degree of the hydration of the gel increases with the 
rise in temperature at which the dialysis is carried out. 
However, I am of the opinion, that ns the temperature 
incre.ase3 the degree of hydration must decrease provided 
the other factors are the same In the experiments of 
Hesai, the apparent increase m hydration is not directly 
due to the increase in temperature, but to the fact that at 
iiigher temperatures, tho process of dialvsis is quicker and 
thus the sol is more readily purified, and certainly, the 
greater tho purity of tho sol, the less would be the time 
of gelation. 


' ClnkraNarti, Ghosh and Dliar, Z. anorp. Cbom., 164, Qi (1027) 
* Kolloid. Chem Beih ,S6, 422 (1028). 
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Mercuric Oxide Jelly — Reynolds* vras the first to 
observe that mercuric oxide la capable of giviufj jellies jn 
non-aqueoQs medium, and this jelly was further studied bj 
lluDce® in details They observed that by adding mercuric 
chloride to a normal solution of KOH containing 40 cc. of 
acetone, a sol n obtained which sets to a firm jelly on 
standing, the time required depending upon the concentra- 
tion of the sol 

The easiest method, according to Bunco, is to dissolve 
do gms caustic potash and 20 c c acetone in 500 c c. water 
and to add slowly a saturated solution of mercuric chloride 
The mixture is continuously shaken, till the appearing 
precipitate goes on dissolving, and the first faint permanent 
precipitate occurs The mixture is allowed to stand for 
some hours, A.ftet a short tune white opalescence deve- 
lops, and finally, if the concentrations are favourable, white 
solid opaque jelly is obtiioed* In some Ctises, j'eilies’ 
permanent supernatent liquid are obtained. 

Bonce has further observed that the addition of 
potassium sulphate or sodium nitrate has no apparent effect 
on the gelation Addition of potassium carbonate caused 
the formation of a viscous milky liquid, while cobalt sulphate 
or copper nitrate caused the formation of a granular preci- 
pitate ‘With sodmm acetate, a jelly-like structure was 
obtained but not a real jelly 

A slight rise in the temperature causes a mixture to 
gel more quickly, but heating for 5 minutes or more at 
temperatures above 63* aeems to prevent the formation of 
jellies Bonce observed that it is impossible to get a jelly 
the mercuric chloride is originally contaminated with a 
mercurous salt. 


' Proc. Roy. Soc , 19, 431 (1871). 
* J. Fhys Chom„ 18, 2C0 (1914) 
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p Hydroxide Jelly — Recently, "''Krorrer and 

er have reported the formation of magneemm 
raxide jelly, it has been prepared by adding water to a 
Sacr of magneamm etliotide in methyl alcohol, 

gel 19 not Tcry stable and rapidly undergoeg syneresia 
^more readily the higher the concentration. Tho gel 
be Btahilise^ by the addition of glycerol, glycol, etc., 
to the peptising effect. By ngmg water, glycerol and 
^ proportions of 5 . 10' 10, a plastic glass clear 

^ "Which 19 stable for months can be prepared. Mixed 
3 tiaxe also been obtained. 

^^olcel Oxide Jelly — Tower* haa described the prepara- 
of thia jelly by dissolving nickel acetate m glycerol to 
•oh an alcoholic eolation of caustic potash was added A 
gel -was obtained by tins method, which on standing 
®^5oe9 syneresie, but the dialysis of this sol once more 
a gel on removal of KOH. 

Another method for the preparation of the jetly consists 
®»xmg equivalent concentrations of nickel tartrate and 
3tio potash. ‘When the solotions are as concentrated as 
^®tnial, precipitation takes place slowlv, giving a transparent 

&feen jelly 

ArsF.NATE JeI/UES 

. ®Ofno of the arsenate jollies rank amongst the best 
the whole of our literature Tho metals -whicli conld 
give arsenate jellies arc manganese, zme, iron, 

® roininm, thorium, tin and cenatn> 

•3/bnj;ane?(5 Arnenate Jellies — Deiss* lias claimed for the 
Priority in tho g^go jjjjg digeovery* The jellies arc pre- 
rising manganous chloride and potassium arsenate 
, * solutions in right proportions Deiss ohseried 

jollies thus prepared ore very stable and can usually 
^Kolloid-Z., J7,5(i920), ~ 

. . ^’hyir. Chem , 26, 733 (J922) 
m ^30(1014); IS, !6 (l&Ifi). Z anorg. Chem., 
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bo kept for weeks ’Sitliout appteciablo clianpe. Sooner or 
laler, however, rose-colourci crystals hepin to separate.' 
Kleinp and Gynlai‘ ob'serred that by tho successive addition 
of aminoiiiuiii sulphaic, acetic aetd and cveess of sodmm 
nrseniite to solutions of 7inc, ferrous, manpanous, cobalt, 
cadmium and calcium saUs, tho colloidal solutions of the 
arsenates of these metals ate obtained in the form of 
opalescent jellies. Crystals begin to separate from these 
jclUea when kept for some time. In tho absence of acetic 
acid and ammonium sulphate, those solutions yielded only 
pelatmous precipitates, hut no jellies 

The further work on this jelly is ofKracmer* and 
Wciser* Krnoincr obtained this jelly by the addition of 
manganous sulphato to the solution of potassium arsenate 
He studied the effect of various anions and cations on its 
gelation He observed that the lowering of the temperstnre 
favours tho jelly fonnalion Tho linio of gelation of this 
jelly cannot be much extended beyond 10— 15 seconds A 
slight warming of tho solutions always hastens up the 
beginning of the gelation. It appears that tho rise of 
temperature is necessary to start up tho process of jelly 
formation. 

Zme .Irsenafe Jelhes — Manganese and zinc arsenate 
jellies ate indistinguishable. Both are perfectly transparent 
and stable. Sometimes they undergo slight synercsis. Zinc 
arsenato jellies were for the Bret tune prepared by Klemp 
and Gjulai.* They havo obtained this jelly by the addition 
of potassium dihydrogen arsenate to a solution of zinc 
sulpbate. According to them, disodium or trisodiom 
arsenates, KajHAsO, or XasA 604 , if previously neutralised 
by the addition of hydrochloric or acetic acid also yield 


» Ibid , 15, 202 (1014) 

* Colloid Symp Uobo. Wiscodsio, 1, 62 (1023) 
’ J. Pbyg Cbem , 28, 26 (19«) 

* Kolloid-Z , 22, 57 (tOI8) 
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jellies. Crystals appear to soparato out of these jellies after 
t^o or threo months Weiaor* has also niado sonic 
e'qierlmonts on it. 

-fVrric ^Irscnnfc JeUm . — Manganese and Time arsenate 
jellies "wero prepared h> tho metatlictical reactions of the two 
salts. However, the method could not he successfully 
employed in tho case of otiior joHics. The credit of the pre- 
paration of excellent jellies of ferric and chronne arsenates 
goes to Holmes and his eo-workors However, Gnmaux® 
^as the first to ohtam this jellj Holmes and Arnold® 
observed that precipitated feme arsenate is readily ppptised 
hy ferric chloride, feme sulphate, or ferric nitrate. On 
dialysis, those colloids yield gels of excellent clearness and 
texture, except in tho case of feme sulphate, whereby a 
powdery coagulam is obtained 

The best method of the preparation ol this gel is to 
coagulate the sol ohtainod by dialysing a mixture of ferric 
chloride lu excess and potassinm arsenate* Potassium 
arsenate when added to a solution of feme chloride gives 
a yellowish white precipitate which dissolves on shaking, 
in the presence of the excess of ferric chloride. Tlie 
addition of potassium arsonatc is elopped when about three- 
quarters of the ferric chloride has been transformed to the 
arsenate. The soluhou at this stage is faint yellow m 
colour. The mixture is now allowed to dialyse for about 
a week. It gradually develops red colour as tho process 
of dialyeis proceeds on, whicl^ Holmes and Arnold rightly 
think to be due to the formation of feme hydroxide sol by 
the hydrolysis of a little quantity of ferric chloride which 
-Was present there in excess The sol, purified by dialysis, 
gives excellent transparent and stable jelhes on the addition 
_ of electroly tes like potassinm chloride or sulphate. The sol 

‘ Loc. cit. 

* Compt Rend , 9S. 1540 (1884) 

* J. Amer. Chem. Soo., 40 , 1014 (1918) 
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13 positiTcly charged and not negatiTo ns Holmes^ was led to 
think. If the dialysis is continued for a long time, the 
sol sets to a transparent jelly in the parchment dialyser 
Highly purified sols set tliemseWes to jellies on ageing 
without the addition of foreign eoagnlating electrolytes 
If the feme chloride is not sufficient to peptise the whole 
of arsenate and still to remain in excess, the enrdy or 
opalescent jellies are ohtained 

Cfitvmic Arsenate Jeittes — Holmes® and co-workers 
have also prepared chromic arsenate jellies The method 
of the preparation IS evactly the same as was used in the 
case of ferric arsenate A mixture of chromic chloride in 
excess and potaasinin arsenate (KHs As 0*1 is dialysed for 
about a week and the clear greenish sol is coagulated by 
the addition of potassinm chloride or snlphate, wheteopon 
a clear transparent greenish gel is obtained. The jelly 
IS very stable and can be preserved withont ondergolng 
any change In the course of timei it acquires the Tibrat- 
ing property, and so does feme arsenate jelly too 'When 
sufficiently pnrified by dialysis, the sol sets to the jelly in the 
dialysec itself or in the bottle when allowed to age without 
the extra addition of coagulating electrolytes 

^lention has been made by "Weiser* of the preparation 
of other arsenate jellies of cadmium, cobalt, alumininm, 
ferrous, etc , but the resnUs are not much enconragingi 
and the jellies obtained are not fine in texture 

Thorium Arsenate Jellies, — Praka«h and Dhar* have 
obtained for the first time the jellies of thorium arsenate 
These jellies resemble manganese and zinc arsenates in tbeir 
mode of preparation bnl differ from them in being slightly 
tnrbid and also in the fact that they require much higher 

concentration of arsenate eolations for the preparation 

^ J. Amer Chem Soc , 1872 fI9l6) 
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AVben to a thorinm nitrate eolation, a fow drops of 
potassium arsenate solution are added a gelatinous prcci* 
pitate appears which rapidly dissolves on shaking in the 
presence of an excess of thonnm nitrate solution The sola- 
tion develops ■viscosity and finally the whole mass sets to 
an opalescent jelly. The best jellies of thorium arsenate 
are prepared by taking 5 c c of a solution of thorium 
nitrate (12*035 gms in 250 c.c ) and adding to it 0 2 c c. to 
0 4 C.C. of 18 per cent potassiom arsenate solution raised to 
Ice. The mixtaro is shaken for about 2 minutes, and then 
allowed to set. The time of setting can he extended from 
that of a few minutes to about 24 hours by varying the 
concentrations of potassium arsenate 

These jellies are almost transparent wjth slight opales- 
cence. In some cases the opalescence increases with tune 
and the jellies nltimately become translncent or opaque. 
The jellies are very stable and do not undergo any 
synorcsis. 

Stannic JeWiVs.— This jelly has also been for 

the first time prepared by Prakash and l)har,* Stannic 
chloride solntioii when mixed with potassium arsenate sola* 
tjon Rives the precipitate of stannic nrsonato, but if stannic 
chloride be in excess, this precipitate dissolves and a clear 
colourless solution is obtained which on keeping develops 
opalescence and finally acts to on opalescent jelly on 
standing for some time. 

Stannic arsenate jellies arc opalescent or translucent 
at tho time of formation, but thej become opaque after- 
wards. The opacity increases more rapidly with the 
^concentration of Ibo potissinm arsenato solution. However, 
the jelhes are very stable* and do not undergo any marked 
Byneresis. 

The best stannic arsenate jellies are ohtai'netl liy 
/fixing 3 C.C. of M/1’0 99 stannic cblorMc Bolutlon with 
’ Loc. c»i. 
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winch gi\c 3 transparent stable jollies on coagulation with 
electrolytes as potassium chlondo or sulphate The sol 
wlien highly purifiea by dmlyBis also yicUls jollies on ageing 
hj itself without adding any electrolyte 

Holmes aud Arnold* have observed that a gel originat- 
ing from tho diammonmm hydrogen phosphate (m a 
senes of unwashed precipitates) sets in three days, tho ge 
from the disodmin salt in eight days and as might hare been 
expected, that from a combination of these two, sodium 
amraomurii hydrogen phosphate, in inteimodiato time, say 
five days. However, tho best gels are obtained by tho use 
of potassium dihydrogon pliosphate. 

Chmmmn ami Alimumm PlmphaU JcHics.-Holme8 
and Ilmdfusz (loc. ai ) Iravo otisorved tliat smuiar to forno 
phosphate jollies, alui.miram and chrouimm pliosphate jelhes 
can also bo prepared hj coagnlaling their sols obtained by 
the dialysis of tho iiuxtnree of their chlorides or nitrates 
and potassium ilihydrogen phosphate However, not niuo i 
work has been done on those jellies. It appears that 
alumimum and chromium phosphates have less ten ency 
of developing hydration, and consequontiy, tlieir jellies 
are not so readily prepared as in the case of erne 
phosphate. 

Thorium Phosphate /cHifS.— These jellies have been 
for tho first time prepared by Prakash and Dhar ley 
are prepared with the same ease as zmo and manganese 
arsenate jollies, and are amongst tho most beautiful ^ ° 
jellies so far prepared They aro perfectly transparent and 
free from opalescence) and so stable as could bo 'cp 
as such for months without apparently undergoing any 
change or syneresis The jellies are of the best texture 
and markedly elastic The time of gelation in their case can 
easily bo extended over a very long period by regulating 


*J. Amer Chota Soo., -lO, 1014 (1918) 
* J. Indian Chem. Soo • C, B8T (1020) 
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Ulo concentrations of tho roacLioU* Thoso nro the flr*t 
phospbato jollios which hail been prepared motatiiclically< 
5 c 0 of a Bolution of thorium nitrato (12'035 gms. in 
250 cc) are taken in test tubes and varying amounts of 
22 per cent pota<i<iium phosphate solution (altoutU 2 to 0*1 cc.) 
arc added, kecpin^f tho final \oluiiio 6 c.c. Tlio mixtures aro 
shaken well for about d minutes and then allowed to stand. 
Tho tiiiio of the settmir of the joUius depends upon tho con- 
centMtion of potassium phosphate used By rc;rubtin{; its 
concentration, tlio lime of Relation can be extended from that 
of a few minutes to that of three days Thorium phosphate 
jellies arc so stahio that they do not break or synerUo m 
oven months and may bo probcrscd for over a year 

•S'/aniuc P/io.«pAii/< Jclltea •~This jelly lias also been pro 
pared for tho first time by IVakash andDlur • It is prepared 
exactly in Ihceamo «v.iy as stannionrsenato jellies with nbich 
it rosomblcl m every respect Tho best stannic phosphate 
jollies aro obtained by adding 1 to 3 c.c. of 22 per cent 
potassium phosphate solution (KUt r 04 ) to d c c of M/1 099 
stannic chloride solution, aod making the total volume G c.c. 
The transparent mixture so obtained develops opalcaccnco 
and finally iransluceut or ojuiquo jellies aro obtamed 

These jellies are also very stable aod exhibit no marked 
syncresis Tho opacity of those jollies increases on sUoding 
and finally, all the jellies become completely opaque 
Molybdate JelliApS 

Ko luolylHlato jellies bad been previously prepared 
before wo undertook tbo work Frakash aod Dbar* havo 
for tbo first tune prepared tho iiiolybdato jellies of iron, 
thorium, tin and zitcoamia. 

Feme MolyldaU tfciffcs— When potassium inolybdato 
solution IS added to a feme chlorido solution, a yellowish 
wiito precipitate 18 obtained which dissolves on shaking if 

‘ J Indian Cham. Soc., ff, 687 (1920), 7, 307 (1030) 
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fornc chloriile is in eteesa. The clear mixture on standing 
for some time develops opalescence and finally, if the 
concentrations are suitable, the whole mixture sets to a 
firm opaque jelly 

Feme molybdate jellies are obtained by adding varying 
amounts (3”5 to 5 c c ) of 10 per cent potassium molybdate 
solution to 4 c c of iI/2 69 ferric chloride* solution, keeping 
the total volume to be 10 cc The clear mixture obtained 
by well-shaking the constituents sets to firm opaque jelly 
within a day or so 

Thorium Mohjhdale Jelhes — When potassium molybdate 
solution IS added to thorium nitrate, a white precipitate 
of thorium inoljbdate occurs, but if the mixture is vigorously 
shaken, the precipitate goes on dissolving till a clear vis* 
COU9 solution 19 obtained This mixture on standing for 
some time, sots to a transparent colouiless jelly. Tlio^e 
jellies are ver> stable and do not synerise The best of the 
thorium molybdate jellies are prepared by adding about 
0 3 to 0*8 C.C. of 10 per cent potassium molybdate solution to 
5 c c. of thorium nitrate solution (12 0B5 gins salt in 250 
cc) making the total volume 6 C.C., and allowing the mix- 
ture to stand for 5 minutes or so Some of the molybdate 
jellies prepared by tho use of comparatively higher con* 
centrations of potassium molybdate break up m tho course 
of 10— '12 days leaving a white powder 

Stannic Molybdate Jellies ^ — No jelly has been obtained 
by directly mixing the solutions of potassium molybdate 
and stannic chloride whereby a white precipitate of gelatin- 
ous nature is only formed. Howoier, if potassium molyb- 
date (15 per cent solution) bcadded below precipitation value 
to stannic cblondo solution and tho mixture is allowed to 
dialyse for 24 hours, a clear sol with slight opalescence is 
obtained Tho sol is fairly stable and sets to translucent 
firm jellies on the addition of coagulating electrolytes like 
potassium chloride or sulphate. Liko other stannic jellies, 
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these are almost transparent thongh accompanied -with slight 
opalescence, at the tune of formation, but become opaque 
on keeping for some time 

Zirconium Mohjhdaie Jetties — When potassium molyb- 
date solution la added to zirconium nitrate solution, a 
•vvbite precipiUto of zircODium molybdate is obtained -which 
IS easily dissolved by an excess of zirconium nitrate on 
shaking In tliia way, a sufficient amount of zirconium 
molybdate can bo peptiacd and a concentrated sol obtained 
This sol on dialysis gives huitablo jellies when coagu- 
lated with electrolytes like potassium chloride or sulphate 
If the dialysis were earned for a long time, the sol either 
sets on the parchment paper oi gives a transparent jelly on 
standing for some days without the addition of electrolytes 

Some of the jellies prepared bv the coagulation of the 
sol by potassium chlondo develop opalescence and may 
even become opaque 

A sol prepared by adding 10 per cent solution of 
potassium molybdate to 70 cc ofJl/l'^d zirconium nitrate 
till the precipitate obtained just dissolved in excess of 
zirconium nitrate and dialysed for 3C hoars gave good 
jellies with K-ECl or 11/5 potassium sulphate Strength of 
the sol was 50 3 gm zirconium molybdate per litre 

Tungstate Jellies 

No tungstate jelly has ever been prepared before Prakash 
and Dhar^ have prepared ferric tungstate, chromic tungstate, 
stannic tungstate and tbonum tungstate jellies No jellies 
bare yet been prepared of the tungstate of ceno or zirconium. 

Feme Tungstate Jellies — Feme tungstate jollies have 
been obtained by two methods firstly, by directly mixing 
ferric chloride with eodium tungstate, and secondly, by 
dialysing and coagulating the sol obtained by peptising 
ferric tungstate with excess of feme chloride 
' J Indian Chem Soo , Loc ciL, 
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When 15 per cent solution of sodium tungstate Is added 
to M/2 feme chlondc, a bulky precipitate is formed which 
dissolves to some extent on vigorous shaking If the 
mixture be iv armed in a water-bath at for 5 minutes, 
it 13 completely dissolved, and a clear transparent yellow 
solutionis obtained which sets to fine yellow opaque jelly 
when the concentrations are suitable. 

A yellow opaque jelly la obtained by mixing 2 c c 
of M/2 ferric chloride with 3 c.c of 15 per cent sodium 
tungstate, and warming the iiuxturo for 5 minutes at 95°C 
These jellies resemble ferric molybdate jellies and are very 
stable. 

More transparent jellies are obtained when a mixture 
of sodium tungstate and feme ebloride lo excess is dialysed 
and tho sol thus obtained is coagulated with electrolytes. 
To 75 cc of 0 920 M feme chloride solution was added 
a solution of IG 5 gms sodium tungstate (XajWO,. 2H9O) 
with vigorous shaking and slight warming and the volume 
was made up to a litre The mixture was filtered and 
dialysed for six days The clear sol thus obtained contained 
21 68 gms. ferric tnngstate per litre and set to translucent 
jellies when coagulated with N-KCl or N/20 K2SO4. 

Chromic Tuug&laie Jellies — When sodium tungstate 
solution IS added to chromic chloride solution, a bulky 
greenish white precipitate is formed, which slightly dissolves 
on shaking at tho room temperature (25° — SO^C ) even when 
chromic chloride is present m large excess. However, 
if the mixture is warmed and shaken, a sufficient amount 
of chromic tungstate is peptised and it forms a clear trans- 
parent solution If this mixture is now allowed to dialyse 
for about ten days, a translucent sol is obtained which sets 
' to a jelly on tho addition of potassium sulphate. 

To M/1 5 chromic chloride solution, a 15 per cent 
solution of sodium tungstate was added, so long as tho 
precipitate obtained could be re-dissolved on warming. Tho 
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of btannic fliloriJo was iliahsei for 24 lumra X cloar 
transparent «ol containm? CO 4 iriws- SnO, par litro was 
obtained wliicli sit to transparent jcllios with sliRlit 
opalosrcnco when ioaguUte\ V»> the addition of idcclrol>tf s, 
potassium clilondo or sulphite Ttie sol itself heroines 
more and moro viscous even without the addition of elcc- 
trol}tcs and sets within 24 hours 

/iircoHiuni liorate JtUirs — Zirconium horau* jellies arc 
oht lined m tlie same wav us ztnotiiuiu molyhdaU' jellies A 
hot conectUMte l solution uf borax was addcl to 70 c c of 
M/1 Id zirconium nitrate solution till the precipiLite of 
zirconium borate obtamoJ just dissolved in tlio cxcc'S of 
zirconium nitrate Tbe solution was dulvsed for three dnvs 
The concentration of the sol thus obtained was d4(>2>;ms 
zitcomum borate per litre U save transparent or oiuiUsceat 
jollies whoD coapulated b> electrolvles. liko N'KCl or 
^75 K.SO* 

it has bcou ohserved in the case of both zirconium 
molybdate aud borato jellies that lliev aro rcadil) old lined 
whoa tlicir sols arc co'it^ulaud by potassinm chlorido but 
theso jellies dcTolop opalescenco on staDdini; llowover, 
when the sol IS couccululed b) potuHsiuni sulphate, the 
jellies arc more transparent and do not develop opalescence 
Tlie jellies aro very stable, .vnd if the coa^ulatinf; electrolyte 
19 not in much excels, they do not undcr(;o any marked 
syncicsis 

Certe Borate Jellies — When a solution of borax is added 
to a solution of ceric ammonium nitrate, a yellow isU w bite is 
obtained which readily dissolves on shaking, if the coric 
aiatnoniuui nitrate IS in excess. If the mixture of the two 
substances is allowed to stand for some timo, the contents 
are generally precipitated, thongh m some cases loose 
unstable jellies may also form 

The clear solution formed by mixing 100 cc of 10 
pet cent ccric anvmonvnm mtrate anddb c c oi 15 per cent 
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boras solution was dialysed for 24 hours The sol thus 
obtained not only gave a jelly on treatment with N/20 
potassium sulphate solution, but also on keeping for some 
time in a jena glass bottle, its viscosity increased continu- 
ously and in the next 24 hours, it set completely to an 
opalescent jelly. 

Another sol was prepared by mixing only 30 c c of 
15 per cent borax solution to 100 c c of 10 per cent ceric 
ammoDiuro nitrate. The mixture on diabsjs g.ave a clear 
sol in tho course of 24 hours Tho sol Mas quite stable and 
gave stable jellies on the addition of electiolytes. 

SuLpmnu Jelues 

The sulphide sols aro more or less hydrophobic Mhen 
compared to the sols of hydrous oxides They do not appear 
to develop hvdratjon tendency which is so essential for tho 
formation of jollies Any record of the formation of sulphide 
jellies 13 of Usher,* who appears to liavc gelatinised cadmium 
sulphide in the presence of suitable concontradoos of sodium 
chloride. Tins method he also employed for the preparation 
of gambogo jellies 

Usher prepared a sol of cadmium sulphide by passing 
hydrogen sulphide through the thoroughly washed prccipitato 
suspended in water. This sol was treated witli varying 
quantities of sodium chloride and it was found to gelatinise 
if tho concentration was between AViOO and N/10. Thus 
m a mixture in which the final concentration of cadmium 
sulphide was 1 51 por cent by volume, decinormal sodium 
chloride caused gclatinisation immediately ; twenty-fifth 
normal in two minutes and fiftieth aorntalaftersoierat hours 

Yov WeIMABX .lELLltS 

Vein AVeimarn Ims done u sort of pioneering work ia tho 
field of precipitation, and bis laws in tins connection have 

‘ Proo. noi. See., A., 12S, 



I5i TIIR ALI.An\HAl» hICI>JW 

C'l/ciHW iiiitatc Jtfly — IJaj»l»crTillt<* oli-’i'r'f'l tiiat if 
b5 C.O. of 05 I'cr cent aicohoHio mUcit wuti 15 f of iho 
Baturato'! bolution of rAloiam urvUlo in \vati*r Ok* wliolo 
in.isa of Oio nlcoliol soU to a fin<» BoliJ truiHparoiit jcii>< 
lliojulh s e}nQri*&i3 in a short tiiiii> 'I'Ik* iilcoliol 

ofOiojellj <,in ho rophicoJ exnctl> jii the* bum’ inamier 
h) arctono 

UocGiitlv, Thorno auJ f^outh* liato ttu>ho<l tlu^ jrlljr 
III ’Irlails Tl((>> tiro|)are<l iho jollj: liv poiifmi; u sitiiralri'l 
'iqurous Botulion of calnuiii arctito into .Ocohol Must uf tho 
{cdi thua prciiarcd aro nut fur uioro Outi ‘24 hours : 
Oicj aro oi>'i\o3C'ont at first l>iit ^railuall) gollcit uiOi Itiiu*. 
Tho fitihihl) of tho ;;cla ta mert’aaol in soiiiu to nix 
tnonlhs, b} llio a>Uitton of acetono or various ulrjtrs fivls 
conUtninx erxlmui oWato exhibit sjucrosis Those insisti* 
gaiora liaio also studied tho inlluonui of U'lniioniliiro, mid 
vorioua tons on ilio atahiht) of tlicsu jeUic.< 


’ u. S P 1208205 (10l« 
* Kol!o»d.z , 48, U3 (1020). 



DETECTION OF IRON, THALLIUM, TITANIUM 
AND ZIRCONIUM IN A MIXTURE 


BY 

I K TAIMNI 

Tho analysis of imxtuies containinfr only common 
elements can bo earned out without niucli difficulty, because 
as a result of oxtonsive investigations of tho analytical pro- 
perties of these elements we bavo now at our disposal fairly 
satisfactory echemos for tlicir separation aud detection Rut 
tho separation and detection of the rarer elements is still 
attended with considerable difficulty as the properties of 
these elements Ime not yet been sufficiently inTostigatod 
for tho elaboration of methods which are simplo as well as 
accurate. Some useful schemes have, ho^^ovD^, been devised 
for the analysis of mixtures cootaimog both common and the 
rarer oieinents. The work of Noyes, Bray and Spear in this 
field Is especially valuable* Tho scheme of (inalitativo ana> 
lysis devised by them [J.A.C S, 29, 137 (1907) and .30, 481 
(1908)] can bo taken as a good basis for work m tho quali- 
tative analysis of imxtnros containing the common elo* 
ments as well as tho more important of tho rarer elements. 
There are, however, a few manipulative operations m their 
scheme which render its adoption m ordinary laboratory 
work difficult if not impossiblo. It is true that tbe difficulties 
encountered in tlio detection of tho rarer elements are 
80 great that tho inclusion in any Eclicmo of unusual and 
Tir^iivt ■oiwit'iVunsiK -aaiiuiiht -may Vitj ijcr/ii: yciiV/imh. YstS. X'iro 
more these methods are replaced by others which are sim- 
pior and more convenient, the easier it as ill ho to adopt 
such schemes m ordinary class work. Under certain circum- 
stances oven some sacrilico of analytical accuracy maybe 
justified, AvhorO] for instance, an extremely sensitive but 
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mcoavement method for detecting an elemetil is replaced bj 
a 1«3 sensiliTO but more coDTemcnt method A manipnlative 
operation in the scheme pot forward b) Xoves, Bray and 
tjpcars wlucli makes it nnsuitabie for ordinary class work 
13 the separation of iron and thalhom from zirconium and 
titaninm hr means of ether At one sta;e in the analysis 
these four metals are precipitated together m the form of 
hydrotides basic acetates, or phosphates The precipitate 
13 dissolved in IICl of a dchoite concentration and the 
solntion 13 ebaVen with ether «o a separatintr fnnnel The 
chloride's of iron and tlialimni pass into the ethereal layer, 
while all of the zireomum and titamum remains in the ariue- 
ous lajcr. Bv repeating the operaiion twice or thnee all tho 
iron and (halhutn can be dissolved out from the arineous 
solution As far as the effcctivecess of the operahon is cod- 
cemed it IS usdoobtcdlv an excellent method of separating 
these metals, bat u needs bardiv be pointed ont that tho 
TDCtbod IS neither cheap nor convenient, ospeciallr in tho 
hot w lather of India where the temperatnre in most pbces 
IS above lOO^F For these reasons the author bad been for 
some time trying to devise a utethoO of detecting these four 
initals in the mixed precipitate withont tho uso of ether On 
Etodying the methods of identifying these four elements it 
was found that (he very scheme gircu by tho authors could 
bo modified m such a manner as to ehminatc the use of ether 
vcuhout necessitaling any eacnficc of analytical accuracy. In 
the mithcHl recommended by Noyes, after the separation of 
iron aa 1 ihalliuiu from nrconmai and titanium, tbaihum is 
idi nulled hr preiip'tauon as tinlluus iodide with potassium 
iodide and sulphurous acid iron by the uvualthioiyanato tost, 
zirconium by pricipiUtiaaas phosp'iatcwiih sodium phosphate 
in pteseno* of sulphuric acid, and titanium by conversion 
into ka^v of Tift, vr«)i UsOs in {>ivs(‘7co of sulphuric acid. 

Now, if the spciific test for each of the four ele- 
incnU can t>e aj plied ui presence of the remaining three 
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it Will obviously simplify the whole procedure if tlic 
mixed precipitate were dissohed in siilplmnc acid and 
small portions of the solution so obtained were tested foi 
each of the four elements that may bo present A study of 
these tests showed that it is possible to test for each of the 
elements m a portion of the solution obtained with sulphuric 
acid without any interference from the other elements 
provided the concentration of sulphuric acid is properly 
regulated Before dealing ivith the proccduio to be 
adopted the individual tests may bo discussed 

(i) The Test for Thallium — In order to determine the 
sensitiveness of the test for thallium with potassium iodide 
and sulphurous acid, a solution of thaUic chloride /containing 
0 1 ingm thallium per cr of the solution) was added from 
a burette to mixtures of potassium iodide and sulpimrous 
ncid containing varying quantities of sulphunc acid, and the 
points at which distinct precipitate of thallous iodide appear- 
ed ere determined The following results were obtained. 
Table 1 

Showing the effect of varying the concentration of J/gSO, 
on prectpilalion of Til 
lN'KI = lce 
OON H, SO, =6 CO 
H,S0,-10 cc 
Tot.'il Toliinjo— 20 CO 



ION U.SOi 

BN 1 

IK 11. SO. 1 

OK 11, SO. 

05 ingin T1 

No procipi- 
tato 

No prt-cipk- 
LiIq I 

No ptecipi- 
tula 1 

No prt*oipi- 
fate 

O’l ragiii/n 

No precipi- 
tato 

No precipi- 1 
tata 

No precipi- 
tolci 

No precipi* 
taio 

0 2 ropiu T1 

Opalcfaceoco 

Opalcsoencoi 

Opalcsccnco 

Opalcsccnco 

0 3 tngtn, TI 

Disiiocl 

prccipitato 

DiShoct 

ptccipilale 

Distinct 

precipitato 

Distinct 

prccipiidto 
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From the table given altove it will be seen that 
0 1 ingin T1 can bo detcclc»l in a volume of 10 cc. and tho 
•luantUy of lIjSO* up to a concentration of 5X has no 
appreciable effect on the soosituencss of the test Since 
the other three niclaU do not give a precipitate with KI 
in presence of sulphuric acid, the presence of thallium can 
be iletcetLd b\ taking a siiiaU portion of the solution m 
bulphuric acul and treatug it with KI and B-SOj A test 
iinaljsis Mith 100 mgjn eaili of Feme iron, zirconium and 
titanium and 0 1 mgti> of 'I’l showed that a small amount of 
llialliuin lan be easiK detected in presence of a largo excess 
of the other metals (In the test aDal>scs tlie metals were 
precjpttatw^d together as li.idfovides with SB 4 OH, the precj* 
pitato was dissolved m sulphuric acid and the solution tested 
for the metal present m small ((uautit) 1 )n the spocilio test ) 
In) T/ie Tctl ior /mi —Tho dchcacj of the thiocjanato 
test for iron is well known I'ten 0 01 uigin Fo in 10 co. 
of tho solution can bo easil) detected btuce the other 
tlircft metaU do not gisc ao> colour or precipitate m pre- 
sence of sulphuric luid. a inirtion of tho solution m sulphuric 
acid can be tested for iron by means of potassium thiocja- 
nate Of course, if it 19 nctc»sar> to add feme chloride 
for the separation of plivsph'Uc from metals of tho alkaline 
tarUi group, tho (e^t for non should bo performed before 


the solution is trcjtu<l witli feme chloride solution It ina) 
be mentioned here that on the addition of a potassium 
UiiocyaDato to a solution containing thalhc salt and sul- 
phuric acid a )elJow colonr appears but this colour fades 
very ijuicklj and tbero is no difficulty in detecting the pro- 


scoto of iron. A test analysis with 100 nigm each of 
lhaihum, litaniiim and zirccniuiR and O'l ingm iron showed 
that it IS lasy to detictevcn a trucu of iron in prc3( ncQ of 
a large ixress of the other metals 

(»»•) TAe /or TifaHiiiyrt— It iniglit be imagined that 

tile pri^cDcc of in»n m the mixed precipitate will hinder 
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the detection of email quantities of titanium on account of 
tlio jellow colour of feme salts As a matter of fact, it 
IS not at all difficult to detect even a trace of titanium id 
presence of a largo quantitj of feme salt because dilute 
ferric sulphate solutions in presence of sulphuric acid are 
practically coloui less and no colour is developed oven on 
treating the solutions with II 2 O 2 If, therefore, the mixed 
precipitate of the hydroxides is dissoUed m sulphuric acid 
and a portion treated with II 2 O 2 even a trace of titanium 
v\ill he easily delected hj tlic appearance of a jellow colour 
Should the solution before t!io‘addition of II have a 
slightli jellow coloui, oMing to the presence of a verj 
large quantity of iron, all that is necessary is to dilute a 
portion of the solution 6unicicull>, so that tiie colour of 
ferric salt is almost inapprocialile As the IIjOs test for 
titanium is oxtrcmcl) dclicato this dilution docs not in an} 
way hinder the detection of oven small quantities of 
titamnm. A test analysis with 100 nigin each of iron, 
rirconium and thallmm and O’l ingm titanium showed tint 
quantities of this element oxen smaller than 0 1 mgm can 
ho easily detected m presence of a largo quantit} of iron 
An additional blank test vvas performed with 100 uignu 
iron and IlsOs in presence of sulphuric acid, when no 
cliange in colour wasobsened. In vjuw of tlio extremely 
delicate nature of the UjOj test for titanium it a|ipcars 
Bupcrtluous to prccipitato the titanimii again as phosphate 
by adding sodium phospiiato to tho add solutions. The 
phosphate test is decidedly less dehc-ato and IcbS dislinctivu 
on account of the sIuiiLir precipitation of rirconium phos- 
phate. The preseuce of a largo excess of sulpliurte acid 
docs not interfere with tho UfOt test while it does hinder 
tho precipitation of tiianiam as phosphate. 

(it) TJte Tesi far /itrconiuM.—Tlo precipitation of the 
phorplulo in presence of A large oxccvi of sulphuric acid 
u at present the most characU'mtio a^id rclublo test for 
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zirconium No other meUi cxcejit titmiuni Jirccipi* 

late ■with EOihuin phospliato under this uinditum, hut if iho 
titanium is provioaalj o\nli/i‘d to tho hexavnient condition 
b\ means of HjOjlUe |•h•>s[dl.llo Ust is ejiccitic for /ir- 
coniuni Arcordin^ to Noses. .i luruc excess of suli>liunc 
acid liinders ti>« (>reri|nUttion of small (luantities of zir* 
coniuiii llo found tint when Uic < ont entrution of sulpliunc 
acid IS I'oN <{uanti(>cs of zirtonium Icbs than I luttui aro 
prcciintaled after about au hour, and Mitli u ffreater con* 
contration of lI ^^04 even larger quantities iiia> not lie 
precipitated Since m Ibo quantiUiiNo cstinialiou of zir- 
conium lij i>recii)itation o» idiospiiato the addition ofe>cn 
20 percentile wdght of n,'504 <9 mhiscd tTrcadwoll, 
Analytical Cliemisirv, 1024, Yol 11 p 123). it was considered 
worth wliilo to inxestigute the effector varying the con- 
centration of sulphuric and on the procipitatiou of air- 
coniuin phocpliato* 



TABt£ II 

Shomng ihe effect of varying the canuatralion of IT, SO4 on jirecipitaUon of zirconium 
phosphate from cold solution. 
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A standartl solution of zirconium oxyclilorido (contain, 
ing 1 ragm. zirconium per c.c of solution) was added from 
a burette O’l cc. ata time, to cold mixtures of 10 cc of 
10 per cent sodium phosphate and 10 c.c solutions of 
sulphuric acjd of different concentrations The solutions 
were thoroughly shaken and allowed to stand for about 
10 minutes after each addition of 0 1 c c zirconium solution 
The results are shown m Table 11 Since heating the 
solutions ^ere found to accelerate the precipitation of 
zirconium phosphate, all the above experiments were 
repeated with this difference, that all the solutions after 
every addition of 0 1 c c zirconium oxychlorido solution 
were heated to 60'*— dO® Tho resultsare shown in Table III 
From tables Hand III the following facts are apparent. 

0) A precipitate appears with much smaller quan- 
tity of zirconium when the solutions are heated 
than when they arc allowed to remain cold. In 
the former case, the minimum quantity of 
zirconium which gives a precipitate in about 10 
minutes is 0 2 mgro. while m the latter case it is 
0 5 mgm 

(ii) '^’^hen tho solution is heated the precipitate is 
obtained in a Socculent condition, while it ts 
more or less finely divided and difficult to detect 
in small quantity, when obtained m the cold 
(»i) The quantity of sulphuric acid m solution does 
not make much difference except when tho con- 
centration of sulphuric acid lies near about 
0*6 N— 0 25 21 It will be seen from tho tables 
that tho precipitate appears for the first time 
with practically the same quantity of zirconium 
m mixtures containing 5N, 2’5N, IN, 0 05N 
HiSOi but a mucli larger quantity of zirconium 
has to bo added before a prccipitato appears in 
solutions containing 05N and 0 25N IIiSO,. 
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A standard solution of zirconium oxychloride (contain- 
ioff 1 mgm. zirconium per ex of solution) was added from 
a burette 0*1 c.c. at a time, to cold nurtures of 10 cc. of 
10 per cent sodium phosphate and 10 c.c. solutions of 
sulphuric acid of different concentrations The solutions 
'Tere thoroughly shaken and allowed to stand for about 
10 minutes after each addition of 0 1 c c zirconium solution 
Tho results are shown in Table il. Since heating the 
solutions were found to accelerate the precipitation of 
zirconium phosphate, all the above experiments wore 
repeated with this difference, that all the solutions after 
every addition of 0 1 c c. zirconiom oxychloride solution 
^cro heated to GO*’— 80^ Tho rcsultsaro shown in Tablo III. 

From tables flaod illlbo following facts are apparent. 

(0 A precipitate appears with much smaller quan* 
tity of zirconium when the solutions are heated 
than when they are alloivod to remain cold. In 
the former c.a8e, the minimum quantity of 
zirconium which gives a precipitate in about 10 
minutes IS 0 2 mgm. while m the latter case it is 
0 5 mgiii. 

(>0 'NVhen the solution is heated tho precipitate ia 
obtained in a Uocculcot condition, ishile it is 
more or less Qucly (bvidcd and difticult to detect 
m small quantity, when obtained m tho cold. 

(u'O Thu quantity of sulphuno acid in solution does 
not make much diffurenco except ivhcn tho con* 
centmtiun of sulphuric acid lies near about 
0’bN''0 25 X Jt wiU bo seen from the tables 
that tlio precipitate appears for the tirst time 
with practically the same quantity of zircomura 
in niixinres LOntainicg 5N, 2'5N, IX, 0 OaX 
IJtSO, but a much larger quantity of zircouium 
bns to Ik> added before a precipitate appears m 
solutions containing <y &K and 0'd5S' lIiSO,* 
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Tnu iniUtneo t>f *u!5>lnir«.7 aoi at thj» 

fuHi uatriUt)') V1 1% lly it tiiif I, an 1 roaLr* 

It necojMry In Urn ll}<« c<3ac**ulratioa alio»P IN, 

if mull uttattliU* * of tiu'omu'il aro t.i Ih» •Ji'lci tc*U 
It will Ih* iron from the Ifwt tl*** 
for iinuQiutti It turtn-i-'atljr for >jiia!iUlno j'Ur,»j»e» 

ctcn in jirfionce of Ur,{t> <|utntit]<'i uf talitlurie acid 
Iiri>»iii.l itir Aoiution tt hcJt^l after tSie adlilion tf toliu'u 
tihojjilutft. It lu» aireaW Ik..i »htf*a » aumUrof 
author* ilul it ti iU'<'r%>af j to add a !ar,;» racrtt of a ►duldo 
phoijiluto (o ccitiitdctctr t>tm|>itato iinali i]Tuatitiri of 
zirconium ^»nce the red r(im,»juad formed b) UUbiuki and 
lltOi<U>c« not d(Ci>u)(>ote in iirrtvn'^e of a lar^*» iierri of 
luliilmnc acid or on w CO* -> 0 * ilicio i* no dao^vf 

of the precipitation of titanmni phu»»j]uie uadcr (l.rt« 
conditiona 

The photpliato tett tt alto very tenuuve whm tho rou* 
ccQtration of inlphuric acid it OOCiN or lower, hut tt >i not 
penuittihle to uto tucli low cuncontratioiii on account of the 
danger of prccipiUtion of foinc or thallie pluwplutet. In 
order to dctcrmino the mioituuu limit of enneentra* 
tion wihIcU will keep these two photplulet la toluUon 
uiixturc of 10 c e. lO per cent Not liro, and 10 ec- UibO, 
Boluiiont of ditlercnt coaLentrations were treated with ferric 
and tbaliic salts wnh the results shown in Table IV, 


Taolu IV 



lOte. I0;t*l.ltro. 

<9c.a.01S II, hO, 

I0e.c.iss N«ni*()J 

lOcAOtS { 

lOe^iOXSs.ill'O, 

ISce. IN ll.bU, 

too rafctn Ft 

j Yellov ptccipi* 
i itt« 

\Vhit« prccipi- 
(aie j 

No prccipittla 

lOOragm Tt 

1 Yellow prretpi* 

1 tale 

Ko precipiltle 

No precipiltle 
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From tho above results wo see that when the solution 
13 0‘5N with respect to H 2 SO* and contains 100 mgm either 
of iron or thallium, neither ferric phosphate nor thailic 
phosphate is precipitated If therefore tlie concentration of 
sulphuric acid is above IN thcie is no danger of the preci- 
pitation of either Fe of T1 as phosphate 

On maKing a test analysis with 100 mgm each of 
thaihum, iron, and titanium and 0 5 mgm zirconium, no 
precipitate of zirconium phosphate ^>as obtained even m an 
hoar, although the quantity of zirconium was more than 
sufheient to give a precipitate according to results given in 
Table III. By making test analyses, comlnmng only one 
metal in large quantity with a small quantity of zirconium 
It was found that \t was iron which hmdered the immediate 
precipitation of zirconium in small quantities In presence 
of 100 mgm. iron even 1 mgm. of zirconium is not imme* 
diatoly precipitated thongh in itsahscnce 0’5mgm zirconium 
gives a clear docculent precipitate A precipitate is, how* 
ever, obtained with L'5 mgm zncoomm even m presence of 
100 mgm iron In presence of iron, the phosphate test for 
zirconium is rendered slightly less delicate hut it is 
sufflcieatly delicate for qualitative purposes m ordinary 
class work 

From a consideration of the testa discussed above tho 
following procedure for the analysis of the precipitate 
contdiDing the hydroxides of the four metals may be 
devised — 

Treat the precipitate of the hydroxides with about 
5N HgSO* solution until it just dissolves. Then add an 
equal volume of 2 5N il 3 S 04 , and filter tho solution if it 
13 not quite clear. In this way a aolntion will be obtained 
With a normality lying between 2 5N and 1*25N. Tho 
object should be to keep tho total volume of the solution 
as small as possible and if tho quantity of tho precipitate 
18 very large, sulphuric acid with a normality greater than 
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This retaTiliag influenco of sulphuric acid at this 
concentration %-i3 rcpcatedl} icnfiod, and makes 
it iiecessat) to keep the concentration above IK, 
if small quantities of zirconium aro to bo detected* 
It will hu Been from the above that the phosphato test 
for zircomom la surTicitfiith Bcnsilive for quaUUitivc purposes 
eien in presenco of Hr^e quantities of sulphuric acid 
provided the solulion is healed aflct the addition ot sodium 
plloaphatc U has already lieen shown hy a number ot 
authors that it la neecssary to add aUrso oiccsa of a soluble 
phosphate to completely prcci|iiute small quantities ot 
mrooiiiom Since the ted compound formed by lilamum and 
s t oes not decompose in presence of a largo excess of 
snlphurio acid or on healing to C0“-b0" llicro is no dongcr 
of the precipitation of tiUwoit, phosphato ondor tlieso 


t.nlJ!'' '’’'“’’‘l**” ““ “ «'r sonsitiso sslicu tho con- 

pcml Alsl ’’ ■« “ ■">* 

daneer of n ° ooncentratioos on account of tho 

'Sr to dTc," ■" lo- 
tion which T”! " Of n,SO. concentra- 

mixtote of ,0 c'c. >o7cr ce^t^rUTO td‘"o e c.“h'o 
solutions of different coDccntraimn 10 c c. Hih,0, 

and thalho salt, with tho „s„,„ .IZT.JZelT'' 


10 to. 7N.,UF0* 

H.BO, H.SO. 

too man, Pe Yellow preep,. u,„,. „ 

late. precipj. No precipitate 

tOOmgra Tl Yellow ptecip*- No s 

tats. precipitate No procipilate 



DETECTION OP IBON, TUALXJDU, ETC, IN A MIXTURE 165 

From tho above results wo seo that when tUo solution 
IS 0'5N with respect to HgSO* and contains 100 mgm. either 
of iron or thallium, noithor ferric phosphate nor thallio 
phosphate is precipitated If therefore tlie concentration of 
sulphuric acid la above IN theie is no danger of tho preci- 
pitation of either Fe of T! as phosphate 

On making a test analysis witli 100 mgm each of 
thallium, iron, and titanium aud 0 5 mgm zirconium, no 
precipitate of zirconium phosphate was obtained even m an 
hour, although the quantity of zirconium was more than 
sufhcient to give a precipitate according to results given in 
Table lU* By making test analyses, combining only one 
metal in large quantity with a small quantity of zirconium 
it was found that it was iron which hindered tho immediate 
precipitation of zirconium m email quantities. In presence 
of 100 tngm. iron oven 1 mgm of zirconium is not imme 
diately precipitated though m its absence D‘5mgm. zirconium 
gives a deal docculont precipitate A precipitate is, how- 
ever, obtained Mith 1*5 mgm ziiconmm even in presence of 
100 mgm iron. In presence of iron, the phosphate test for 
zirconium is rendered slightly less delicate but it is 
sufficiently delicate for qualitative purposes in ordinary 
class work 

From a consideration of the tests discussed above tho 
following proccduie for the analysis of the precipitate 
containing the hydroxides of the four metals may be 
devised . — 

Treat the precipitate of the hydroxides with about 
5N HjSOi solution until it just dissolves. Then add an 
equal volume of 2‘5N H 3 SO 4 , and filter the solution if it 
is not quite clear. In ibis way a solution will be obtained 
with a normality lying between 2 5N and 1’25N. The 
object should be to keep the total volume of the solution 
as small as possible and if the quantity of the precipitate 
IS very largo, sulphuric acid with a normality greater tlian 
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5N should be used for the prclimioary neutrahzatioa of 
the hydroxides 

(o) To a small porttOD of the solution (about 2 c c-) 
add 1 c c IN KI solution and 5 c c saturated SOg solution 
The formation of a yellow precipitate prOM'S the presence 
of thailiniu A yellow colour alone does not indicate the 
presence of thallium, because when KI and Hg&O^ solutions 
are mixed, a yellow colour is obtained 

(J) To another small portion of the solution (about 
2 c a) add o c c- IN KCNS solution a blood-red colour shows 
the presence of iron Since this is an extremely delicate 
test for iron if a tight red colour is obtained, a blank test 
should be performed with the acids used in the previous 
procedorea, to see whether these are contaminated with 
traces of iron If it is necessary to add ferric chloride 
for the separation of phosphoric acid from metals of the 
alkaline earth groop, iron should have been tested for 
before the addition of ferric chloride solntioo. 

(c) To the reniaisiDg portion of the solntion add 
5— 10 C.C d per cent HjO, solution A yellow to orange 
colour indicates the presence of titanium If the solntion 
before the addition of HjO, is slightly yellow owing to the 
presence of a large quantity of iron, dilute it with water 
till the colour is almost inappreciable 

(d) To the solution which has been tested for with 
HsO*, add 5 c-c. 10 per cent Na* PHO, solution. Heat to 
about 70 -- 60'’. A while fioccnlent precipitate prores the 
presence of zirccnium As rery small quantities of zirconium 
(less than 1 oigm ) are precipitated slowly, the solution 
should be examined again after about an hour to see if a 
slight precipitate has separated during this time 

The procedure is practically the same when phosphoric 
acid IS rcmoTcd from the solution by means of ferric 
chloride in presence of sodinin acetate and acetic acid, and 
the mixed precipitate consuls of phosphates, basic acetates 
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or hydroxides of the four elements, but the following points 
should bo borne m mind m this case . 

(t) Iron should bo tested for m the usual way before 
adding feme chloride for elimination of 
phosphoric acid from the solution 
(ii) Zirconium and titanium are not likely to he pre- 
sent since the phosphates of these metals 
are insoluble m dilute mineral acids. 
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5K should 1)0 used for tho preliminary neutralization of 
the hydroxides 

(a) To a small portion of tho solution (about 2 c-c.) 
add 1 c c IN KI solution and j e c saturated SO. solution 
The formation of a vollois prccijHlatc prou-s tho presence 
of thallium A yellow colour alone does not indicate the 
presence of thallium, because when K1 and [I,SO, solutions 
aro mixed a yellow colour is obtained 

(4) To another sunll portion of the solution (about 
2 c c.) add ') c o IN KCN3 solution a Idood-red colour shows 
the presence of iron Since this is an extremely delicate 
teat for iron if a light red colour is obtained, a blank tost 
should be performed with the acids used in tho proTious 
procedures, to see whether these are contaimnaled xitth 
traces of iron If it is necessary to add ferric chloride 
for the sc]iaratioo of phosphoric acid from metals of the 
alkalmc earth group, iron should hate been tested for 
before tbo additioo of forrio chloride solution, 

(e) To the remaining portion of the solution add 
5—10 C.C 3 per cent H-0, solution A yellow to orange 
Colour indicates the presence of titanium If tho solution 
before the addition of is slightly yellow owing to tho 
presence of a la^e quantity of iron, dilute it with water 
till the colour is almost inappreciable 

(d) To the solution which has been tested for with 
HaO{, add 5 C.C. 10 per cent Nag PHO« solution. Heat to 
about 70*’— 80* A white floccnlcnt precipitate proves the 
presence of zirconium As very emallquantities of zirconium 
(less than 1 mgm ) are precipitated slowly, tho solution 
should be examined again after about an hour to see if a 
slight precipitate has separated dunog this tune 

The procedure is practically the same when phosphoric 
acid 13 temoTcd from the solution by means of ferric 
chloride m presenco of Bodiom acetate and acetic acid, and 
the mixed precipitate consists of phosphates, basic acetates 
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or hydroxides of the four elements, but the following points 
should bo borne m mind m this case 

(i) Iron should be tested for in the usual way before 
adding feme chloride for elimination of 
phosphoric acid from the solution 
(ti) Zirconium and titanium arc not likely to be pre- 
sent Since the phosphates of these metals 
are insoluble in diinte mineral acids. 



CHEMICAL EXAMINATION OF THE KERNELS 
OF THE FRUIT OF THEVETIA NERIFOLIA 
(JUSS) 

BY 

NARENDRANATH OHATAK. MSc, 

Kanta Prasad Research Scholar, Chemistry Department 

Thevctia nonfolia or yellow oleander as it ig ItQo^ 
in English and Pila-kaner in Rindnslani is a plant of the 
natural order Apocynaccae, commonly cultivated m 
ns an ornamental garden shrub. The fresh baric of tbo 
young wood, of from i— I inch in diometor, is green 
smooth and covered by a thin grey epidormis, throogh 
which the green colour is apparent; it turns black when 

dry. All parts of the plant yield an abundance of acrid 

milky juice Tlio flowers arc yellow. The fruit jg 
globular, slightly fleshy, green. 1 to 2 inches m diameter 
and contains a hard nut, light brown in colour and 
triangular with a deep groove along tho edge oorrospooding 
to tho base of the triangle; each nut contains two paj^ 
yellow, slightly winged seeds with a light brown coating. > 
Descourtilz, in his “Flora of tho Antilles,’' speatca 
of Tbevctia ncrifolia as an acrid poison, of tho bark as a 
drastic purgative, of tho fruit as emetic and of an extract 
of the plant as a remedy for intermittont fever. He <le- 
scribes the case of a young negro who had eaten of tho 
green frmt, and who was affected with chills, delirium, and 
other nervous symptoms, nausea and a thready pulse; ho 
had irregular spasms, followed by oxtremo agitation, with 
singing, laugbmg, and weeping and then followed by a 
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“ Tliovctoain ” by tho present author It was optically 
active havio;; a positno roLatioa 

After romoTiDg tbovotosio from the alcoliolic extract it 
\^a8 coinplciciy freed from chloroform A lump ofliK^d 
ycllownli bro\sn inaea ohLiined It was very hydros* 
copic ami contained a Klucoside very eolublo in water, 
glucose and other walcr-soluble impurities nil# glucosido 
was “ thcvctin," tho activo principle of the kernel#, which 
on hydrolysis with mineral acids gave NS anion's (loc. cit-) 
IheTctm-bluo Thc>ctidinc, tho gemn of Ibovctm, sepomtes 
readily on hydruljsis as a light brown oily luiuid. It 
very soon gets oxidised changiO(> colour to greenish blno, 
blue and finally into a black mass. It is little soluble in 
alcohol and almost msolublo m all organic solvents excepting 
pyndmo, m which It is very soluble forming a brownish 
black solution All methods of getting iheruiin lu a pure 
form failed Ultimately recourse was taken to tho study 
of the gonio m order to throw somo light on tbo constitution 
of tlievctim Thevctidioo on simultaneous reduction and 
acetylation gave a pale yellow mitro crysUilUoc, hygroscopic 
powder melting at bS’C. 

EXPERIMENTAL 

The kernels of tho nuts contamod 22*9b por cent uf 
moisture and weighed 22 C per cent of tho whole nuU Tho 
kernels contained 6 4 pot coni of a Ihm light brown coating. 
The averago weight of a kernel was 35 gm and it contained 
7 4 per cent of uioiature 

. In order to test Uio prescnco of enzymes, tho crushed 
kernels were kept in water. But the presence of oil formed 
on emulsion which could not bo separated Next time 
50 gms of tho crushed kernels were put m a flask with 
petroleum ether for several hours. It was iiUored and tho 
oil removed by distjlhng off Uio petroleum ether This was 
repeated several limes till the kernels contained no oil. Tha 
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keroola -wore thou put in an open diali for Ibe petrolenra 
ether to cBcape Tho drj powder was then put in a flask 
with water at the room tenipemtnre for three days Few 
drops of chloroform were added to stop bacterial growth. 
It -was altered and ethyl alcohol was added to tho filtrate. 
A. white flaky precipitate alowiy settled at the bottom 
showlog the presence of enzymes. 

10 gms of tho kernels were tested for the presence of 
alkaloids, but -with negative result. 

After completely burning the kernels 1 9 per cent of 
■white residue (ash) was obtained, which contained d'l per 
cent of S 1 O 3 . The soluble portion of the ash contained 


phoaphato and magnesium . . , , 

For complete analysis 15 kilograms of the kernels 
were crushed and exliaustively extracted with 6 litres of 
petroleum etbor (H P 35 — CO’C.) in a round bottom extraction 
flask, till the extiaot no longer gate any oily residue. Iho 
total quantity of oil obtained omonnted to 1030 gms. which 
corresponded to 68'6 per cent of the kernels A current 

of air was passed through the oil for about 40 

drive off tho petroleum ether. For further purification the 

od was treated with animal charcoal, little quick lime and 

Fuller’s earth. It was heated over water-bath and stirred 
for some time On filtration a very light yellow traospareu 
oou-drjiog oil was ohtaioed The oil boo been worked out 
by Bhattacharya aod Ayyar (loo. oit ). 

The refractive iudex of the oil at different temporolures 
was determined b, means of a Polfricb refractometor : 


Temp. 


Ob.e.ve<irea(l.ns Berr.ct.ve index. 


lO’C. 

42* 

44’ 

20‘G. 

43* 

15* 

sera 

43' 

45' 

40*0 

44* 

22" 

60’a 

44* 

69' 


147105 

r4(iB89 

r46693 

146225 

145850 
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“ Thevetosm ” by the present author It was optically 
actire having a positiTe rotation 

Alter remoTicg thcTctosio from the alcoholic extract it 
was completely freed from chloroform A lump of light 
yellowish brown mass obtained It was xery hjgros* 
copic and contained a glncoside Tcry soluble in water, 
glucose and other water-soIoWo impurities This glucoside 
was “ thexetm,” the active principle of the kernels, which 
on hydrolysis with mineral acids gave ^ arden*B (loc- cit-) 
tbexetm-blue Thcxelidine, the genin of thevetm, separates 
readily on hydrolysis as a light brown oily liquid It 
very soon gets oxidised changing colour to greenish blue, 
blue and finally into a black mass. It is little soluble in 
alcohol aad. almost insoluble tu all organic solvents excepting 
pjndiac, 10 which it is very soluble foroiing a brownish 
black solution All methods of gcttiug thevebn in a pure 
form failed. Uittmately recourse was taken to the study 
of the genio lu order to throw some light on the constitution 
of tbexetiu Tbovctidioo on simultaneoos reduction and 
acetylation gave a pale yellow raicrO'CryBlailiQO, hygroscopic 
powder oielUng at 93^0. 

EXPERIMENTAX 

The kernels of the note contained 22*90 per cent of 
moisture and weighed 22 6 per cent of the whole nut The 
kernels contained 6 4 per cent of a thia light brown coating 
The average weight of a kernel was "35 gm. and it contained 
T 4 per cent of moistore. 

In order to lest the presence of enrymes, the crashed 
kernels were kept m water Bat the presence of oil formed 
an emulsion which conld not be separated Next time 
50 gms. of the crashed kernels were pot in a flask with 
petroleum ether for several hoars. It was filtered and tbo 
oil removed by distilling off the petroleum ether This was 
repeated several times till the kernels contained no oil. The 
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kernola 'ttero then put m an open dish for the petroleum 
other to escape The dry powder was then put in a flask 
with water at the room temporatoro for three days Few 
drops of chloroform wore added to stop faaeterial growth. 
It was filtered and ethyl alcohol was added to the flltrate. 
A. white flaky precipitate slowly settled at the bottom 
showing the presence of enzymes. 

10 gms of the kernels weie tested for the presence of 
alkaloids, but with negative result. 

After completely Imramg the kernels 1 9 per cent of 
white residue (ash) was obtained, w'hich contained 3’1 per 
Cent of S 1 O 2 The soluble portiou of the ash contained 
phosphate and magnesium 

For complete analysis 1 5 kilograms of the kernels 
were crushed and oxhaustively extracted with 5 litres of 
petroleum ether (11 P. 35— 60'*C )iDa round bottom extraction 
flask, till the ext> act no longer gave any oily residue- The 
total quantity of oil obtained amoonted to 1030 gms. which 
corresponded to G8*6 per cent of the kernels. A current 
of air was passed tlirougb the oil for about 40 minutes to 
drive off the petroleum ether For further purification the 
oil was treated with animal charcoal, little quick lime and 
Fuller’s earth. It was heated over water^batJi and stirred 
for some time. On filtration a very light yellow transparent 
non-drying oil was obtained The oil bas been worked out 
by Bhattacharya and Ayyar (loc. cit ). 

The refractive index of tUo oil at different temperatures 
was determined by means of a Fulfnch refractometer : 


Temp, 

Observed reading 

Refractive index 

lO’C 

. 42* 44’ 

43' 15’ 

43' 45' 

U7195 

2ora 

146880 

30”0. 

1‘46593 

40*0 

44* Si* 

1 46225 

bO’o. 

- 44* ta' 

14585U 



m 


TUB ALIiAHABAD tn.lVEasiTr SICPlES 


The kernels were freed from petroleum ether and 
sacctssirely extracted with akohol till the extract gaxo 
traces of residue on evaporation The alcoholic extract 
«as concentrated under redaced pressure when a thick 
brown sj rupy liquid, strongly siitelliog of sngar, was 
obtained Ibis slowly solidified to a brown mass in a 
vacuum desiccator On extraction with cliloroform it 
45 gms of yellowish brown solid which was completely 
6olubl& in ethyl acetate Traces of oil that was contaminated 
with it was removed by petroleum ether On crystalliza* 
tionfrom dilate alcohol it was obtained as fine white needles 
melting at 194'C It dissolved in strong sulphuric acid 
with the production ot a yellow colour which slowly changed 
to pink aud finally to a cbcrry*red. This product was 
thevctosin, the water insoluble glocosidc' It reduced 
Fehling’s solution readily after being hydrolysed with dilute 
hydrochloric or snlphunc acids. It was soluble m organic 
aolttota excepting benzene and gave a positive rotation of 
I** = + 6b hj m absolute alcohol. On comboBting the 
substance the following results were obtained . 

C»G4'9j per cent; H=s8'32 per cent; 
and therefore 0^26 83 percent 

llydrolj/sti of T/‘cwloitn—Z gms. of thevetosm was 
dissolved in 200 c c« of ethyl alcohol and foO c c. ot water 
containing 2 5 c c of BCl (d 116) was added. It was 
teSoied fat about an hour. The solution was cooled aud 
carefully neutralised with sodium carbonate* It was next 
concentrated under rcdoced pressure A semi-sohd brown, 
sticky substance separated This was the genm— ‘ theveto- 
sidiac. On crystallization from alcohol and nnimal charcoal 
it was obtained in the form of a light brown liquid sticky 
mass which settled at the bottom. After sufficient of the 
sabstance had separated the upper liquid was removed and 
- the prodoct was washed several tunes with distilled water. 
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After few days it became britllo, when it was powdered 
and put m a vacuum desiccator It was finally obtained 
as a yellowish brown micro-crystallino powder melting at 
83°C. Concentrated aulpliunc acid produced a pink-rod 
coloration with a green fluorescence In strong nitric 
acid It dissolved with a yolloiv coloration. Alcoholic 
solution of the substance did not give any piccipitato or 
colour reaction with ferric chloride 

The mother liquor after tho separation of thovetidmo 
was concentrated and finally evaporated to dryness in 
reduced pressure Tho residne was dried over 11 jS 4 m 
vacuum desiccator and was extracted witli dry .icitono. 
The extract was evaporated to dryness This was the 
sugar of hydrolysis It reduced Febling’s solution readily. 
An attempt was made to crystallize it from ethyl acetate 

but instead of getting a belter stuir, a brown stickj substaneo 

was obtained. The qu.intity being small, the sugar could 


not bo identified. . 

rAcwft«.-Tho product left after tho scpaMtion of 
thovelosm by chloroform extraction contained another gluco- 
side, tlioietin, winch was very hygroscopic It conUinoil 
some free glucose, albiiiocnoiis product and other water- 
eohiblc iiiipurilles. All iiictliods of separating llio glacosido 
in a pure form liaviiig failed, recourse wae taken to the 
study of the giuco-genm obtained on hydrolysing lliovelin. 

/WrolMij 0 / T/irir/.» -Tlio same oxperinitntal pro- 

ceduro was followed ,n tlio UydrolyeU of tbotclin as in tlio 

proTious one. Hydrolysis w.i3 cflected Tory soon in t ns 
case. Thoictidiiio, the glaco-gemn, first separated as a 
brown scmi-sohd mass which slowly got o-Xidiscd in the 
prcscnco of air ehaiigiiw colour lo green, him, .sn,l fimslly 
into a black mass. Tlioiilidino was very hlllo soluble in 
alcohol and was almost insololdo in oil orgamo «ol>i'ii*a 
with Uio oxccplion of pjridmo in winch it was coasidcraUy 
soluble forming a btowmsb-Uacl solution. A little of Ilio 
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fa order eo e\f.!aio the mediani^m' of these mdQtci 
o\i(lat!Qns in tlio presence of ferrous niul oerous saUs, the 
formahon of hjyher oiides like PcOj (Manchot'^) and CcjOs 
(Job*) has been aRsnined , and these higher ox\dea oxidise 
the diihcnltlv oxidisablo substances like the food materials 
Our expcnmental results* on the oxidation of sodium 
formate bv air in presence of ferrous and ceroiis bydrovides 
lend support to tbe hypothesis of the intermediate formation 
of the higher oxides 

From our cxpeniacntal results' on the induced oxida- 
tion of glucose b\ air in presence of ferrous and ceroos 
liydroxides, It ^Mll be seen that the induction factor, if» 
the ratio of the amount of oxygen taken up bj glucose to 
the amount of oxygen taken upb) inductor is as higii as ^ 
or 9 Similar results arc also obtained irilli other reactions 
Spoelir also obtained a xalue as (ugh as 15 for the induction 
factor It, therefore, appears that the oxidised form of tlio 
lodsctor, tit, FegOjoe CcOt,etc, is also capable of oxidis- 
ing tbe acceptor thereby regeneratiug tbo original inductor* 
Hence these induced reactions appear to bo partly catalytic 
in nature but loasmuch ns the rate at which the original 
inductor IS regenerated IS small ns compared mth the rate 
of its oxidation, these reactions belong more to tho induced 
type rather than tbe catalytic one 

These higher ^aIue^ of the induction factors can bo 
eatisfactorily explained from the point of xiew of the gener- 
ation of ions m the primary exothenna! reaction Thus, 
for example, a small amount of an inductor isoxidisedt 
some ions will be generated m tins exothermal reacfioa and 

’ Jour Ph> Chem , 3S, 2043 (1931) 

I Ann , SU, m (t^) . 325. 93 (1002) . 450. 179 ( 1907 ) 

Job. Ann Cbem Phys , (7) 20. «)7 (1900) 

* Palit and BUM, lour PUy Ch^m , 34, 7li ( 1939 ) 

Palit and Dhar Joor Phy Cliem , 20, 799 (1925) SO 
859 (1020). K , 
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the 1008 Will activate some molecules of tho acceptor or the 
actor or both These then will react. Tina reaction lioirig 
oxotbormal ivill in its turn giie risn to mote ions wliicli will 
act^^ato some inoro molecules of the reactants and so on 
Thus tho oxidation of a small quantiu of tho inductor brings 
about tho oxidation of a largo amount of tlio acceptor, that 
IS, tho slow’ oxidation of tho reducing agents (iniluclors) set 
up tho oxidation of carholi)dratea, fats, proteins and other 
food materials 

It 18 well known that the edible sulislanocs like 
carboliydratcs, fats and proteins aro \cry readily ovidised 
in tho body, w hcreas ihoy arc oxidised with difficulty bj 
ordinary laboratory reagents Wc have c.irricd on our 
cxpcrimonts* and have been sucicssfolh *iblo to inihuo 
in llio laboratory tlio oxid.ition of edible substinccs liko 
glucoso, starch, imik, butter, opg*"bito, cpg->cllo\v and 
also tho oxidation of other subsUntes hko choleatorol, 
lecithin, glycerol, etc , at tho ordinary tcmpcraliiro by pass- 
ing a slow stream of air in presence of inductors like 
sodium sulphite, ferrous hydroxide, ceroua hydroxide, etc. 

It has also been shown’ that not only fats but carho- 
hydrates and nitrogenous substances aro oxidised by hydro- 

gcinKiroxido and a feme salt at J»'*, volatile aMeliydnc 

or ketome compounds being formed. Wo* hate concluvircly 
proved in n systematic manner Uial fats, carWiydralu and 

nitrogenous and other organic subvlaiuis can be c*«mpliti.5y 

oxidised into llieir uiuin end pro»lucu, larbon diuxtdo and 
water, by air with tho help of an iuduclor, ferrous or f trom 
hydroxide or m presence of •’onhght at thv ordinary l* 
tares and wo liave ihu* bica able to imiUto su'-ccMfolfy 
tbo pbj*iolc*gical procv** tf oxidation on whuli aniiiul 


* J&yr, llsy. Coitw , .3/, 7tt 

* dear. I«v4. nrrrti. 

* J.ur I’Of ♦*! tl'A'a } 



182 TIU AM AUABAW UMXJKStTY HTCIHW 

pood ri'dwcmp apcnU and ar<* rcadiJj oxiJiwd iiy ntnioa- 
jilierip oxypen and Iho oxidation of those suhstances induces 
tlio oxidatioa of eup.ir m tlu* Wol/aio now hcon 

uhU' to Bulwtantnlo tins \ k*w hv our hcw bcIs of oxidation 
oxperiiiicuts on insulin and pluco««» For these experunents 
a difinito volumo of air freed for earlioo dioxide was 
passed ihroupli an uftucous solution of iiisiiliii (U DU) hc[»t 
at 2*1® and the amount of carbon dioxide ohuiined by 
oxidation of insulin was ali'mrbed by standanl barium 
tixdroxido solution and eslinnted as usual When phicose w 
uldid to the insulin solution and the h.ime xolunic of 
H passed tliTOupli the mixture plnco^o is slowly oxidised 
ind this can bo sliovsn bj estimation of plucoso bv Felihnp s 
solution, which, howexcr, ranont bo redured b> tiihulm 
In thib experiment wuh iiisuliii and pluro>c> iho oxidition 
of insulin wliuh is nadilr uxidi»<d h\ air ti ordinary 
te<ii(iurature lc.ids tg (lio oxidatian of plucoso thus eorrobo* 
ratins our prcrious statements 

* In eoToral iiubhcatiooB.' wo have emphasised tlio 
importance of induced oxidations in uodcrslandinp tho 
phoDomcDon of animal luctahohsm It has been stated that 
(ho readily oxidisahto suiistances like piutatinonono and 
other substances present in uiusclo and in other parts of 
the body, aro first oxidised by the inhaled oxygen and 
these oxidations induce tho oxidation of food materials. 
Insuhu and otiicr internal secritions also appear to bo 
readily oxidised in tho body and these lead to tlic oxidation 
of carbohydrates, fats and proteins. It is now woU-known 
that in tho trcatnicnt of aento diabetes, repeated doses of 
insulin haxo to bo injected m order to get satisfactory 
results. Our experiments on tho oxidation of iDsuhn by 
ajj show jJuf }i 13 used up fry t&o ortdafioti in the frot/r 
and thus repeated doses are necessary Moreover, the 


' Jour, i'lty Cbem , 33 , 2043 (1031) 
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oxidation of insulin loads to tbo oxidation of glucoso In 
the body and this explains the decieaso of glucose m tlie 
diabetic blood and urine on injection of insulin 

(4) Animal life is assnoied to depend essentially on 
the catalytic activity of the enzymes and iron in the animal 
body It 18 likely that m the animal body, there exist 
leadily oxidisablo substances such os enzymes containing 
traces of iron in complex colloidal condition and the 
oxidation of these substances induces tiie oxidation of food 
materials 

(5) In the animal body, the iron in the blood 
accelerates catalytically the oxidation of food stuff by the per- 
oxide formed m tho body from the inhaled oxygen When 
tiieic IS a deGciency of iron in tho blood, tlie animal becomes 
anmmio At ttiia stage any iron salt preferably of colloidal 
naturo taken in the body, tviH supply tho natural deficiency 
and the necessary amount of oxidation vvill take place* 

(C) Wo also suggest that fever is an auto-cataljtic 
reactioo. Tho oxidation of substances like starch, sugar, 
proteins, fats, etc , by oxygen in the animal body is believed 
to bo catalytically accelerated by tho parasites or secretions 
of bacteria Hence tho amount of licat generated in the 
animal bodj for unit time is increased and tlio plicnonicnon 
of fever is observed, ilorcovcp, hko all other clicinicaJ 
changes, tho amount of oxidation m the animal body for 
unit timo U also incrc.ised by tho incipiont nso of tempera- 
ture. 

(7) From our quantitative experiments* on tho oxida- 
tion of carbohydrates, glycerol, fats and proteins by air in 
presence of freshly precipitated ferrous and corous 
hydroxides and sodium sulphite as inductors, wo haio 6ho\>n 
that the amount of carbon dioxido obtained in these slow 
oxidations is practically the saiiio as is oxpected from tho 

' PaLt and Dhar, Jour. Phj. Chem , 711 il030); ZuU 

“ttorg alIgPuj Chem, 131, 1&0<1830J 
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point of view that tho carbohydrates, glycerol, fats and 
nitrogenous substances arn rompictoly oinlised into carbon 
dioxide and water by pissing air at the ordinary tempera- 
ture. Similarl\ , Spoohr has obtained considerable amounts 
of carbon dioxide from the induced oxidation of larboliydrates 
by air in presence of sodium, ferrous and feme pyro- 
pbospbates ^Ye are of opinion tint tboso results aro of 
importance because these oxidations are of tbo same t) po as 
tliose taking place in ihe animal body. Ucnco wo cmpbasiso 
that in noninl heaUh, the food matcniU taken in the 
liody ire completely oxidised into carbon dioxide and water 
without tlio formation of lutcrmediate compounds, just aa 
food materials are coinplctelj oiidisi-d to carbon dioxide and 
water when air IS passed through tbeir solutions or suspen* 
siOQs in presence of inductors, loieruicdiato compounds arc 
out) fonned in tlie diseased condition of the aniiinl body 
(8) Y'oit stated “ that the metabolism m the body was 
not proportional to tbo comhustibihty of Uiu substances 
outside the body, bot that proteins which burns with 
diHicuUy onlBide metabolises with the greatest ease, then 
carbohydrates, while fat which readily burns outside is the 
most difhcultly combustible in the body." This conclusion 
was arnxed at by Voit from actual feeding experiments on 
animals YYo have obtained ciuantitatixo and comparaiiso 
results' on the xelocity of oxidation of fats, proteins and 
carbohydrates by air and thus tried to establish whether 
fats or carbohydrates are oxidised more readily in the 
system Our results show that the order in which they aro 
oxidised m presence of ccrous hydroxide are as follows. 

Egg- white > egg-yellow > starch > glncoso > butter. 

In presence of cerons hydroxide, the induced oxidation of 
fats, nitrogenous substances and carbohydrates follows the 
same order as stated by Yoit 

* Jour. Phy Chem , 3i, 711 (1030) 
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(9) The experimental resalta ‘ show that carbo- 
hydrates, proteins, fata and other subatances are oxidised in 
presence of inductors in neutral and alkaline solutions, and 
the greater the amount of alkali, tho greater is the amount 
of oxidation. Henco wo are of opinion that alkaline 
treatment should prove efficacious m gout, diabetes, beri- 
beri, rickets and other metabobsui diseases, because m 
presence of even sodium bicarbonate, tho amount of oxidation 
of fats, carbohydrates and nitrogenous substances is greatly 
increased. 

Henco all these results on slow and induced oxidation 
of fats, nitrogenous substances and carbohydrates occurring 
cither singly or in mixtures by air at ordinary temporaturo 
arc important, because thoso oxidations are of tho saino typo 
as those taking place in tho ammal body. 

PaoTO-CuEiJicAL Oxidations and PnrsiOLOoicAD 
ExpRIttUENTS 

Aqueous solutions or suspensions of tho following 
substances havo been oxidised by passing air m prosonco of 
sunlight’ : 

Arabmosc, cane sugar, galactose, glncoso, lactose, 
laevuloso, maltose, starch, gljcogcn. orea, glycine, a-alamno, 
hippuric acid, sodium ur.ito, potassium oxalate, sodium 
forinato, sodium tartrate, poUssmiii stearate, poLassiam oloalm 
potassium pahnitaio, lecittiio, glrcorol, cholesterol, Imltcr, 
cgg-wliite, egg-jellow and milk. Zinc oxide, uranium 
nitrato and ferric nitrate act oacii as a photo-aonsitisor m (he 
oxidation of tho above substances and tho amount of oxida- 
tion of tbeso substances Is gnMtcr than that m their abacnce. 

* Palit nml Dhar, Jour Phy, Cheia , TtKJ (1025) ; 30, O.'S) 

i\m). 

• Palit and Dhar, Jour Pti>. Cliem., 3J, (t02a) , 3i. 

083 (1030) 3 and Ze»t, aaorg ullKom Oiciiu, J3I, 150(1030). 

P at 
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1 Our rcbulls' also show that tlio amount of osulaUon 
increases wiiii (i) ilio mlonsitj of light, (ii) Iho amount of 
light failing m tiio solutions, and (iti) tho tiiuu of etposuro* 

2 Dilute solutions of lactio ‘icid, oxalic acid, UrUirio 
acid and citric acid arc apprcctahly oxidised by nir m 
presence of sunlight and tlio order in winch they are 
oxidised 18 

Oialio lactic > tartano citric 

3 In order to find out xthotlier in presence of sunlight 
the carhohidrates, fats, and nitrogenous substances aro 
oxuluod completeW to carbon dioxide or other intermcdiato 
products arc formed, we lia\o estiinotpd Iho amount of 
earlioa dioxide obtained m those oxidations m potash imllis. 
Tiio amount of oxidation of (beso substanecs was also, mall 
cases, estimated by direct analysis The experimental results* 
show that the atoount of oxidation dctcrinmod from carbon 
dioxide obtained is practically the same as the oxidation 
found out from the direct analysis of the carbohydrates, 
fats and nilrogeaous substances romamtng unozidised 
Hence in presence of sunlight, dilTerent carbohydrates, fats 
and nitrogenous sobslanccs can bo completely oxidised by 
air at tho ordinary teinpcralure into tbeir main end products, 
carbon dioxide and water, lio intermcdiato com^kounds 
are formed in these plioto-cheinical oxidations, ^Yo liaTO 
thus been able to imitate successfully the physiological 
proccsees of oxidations on which ammal life depends 

4. VoU in his DccrologT of Pettonkofer writes : “ That 
the motaholism in the body was not proportional to the 
comhuatibiUty of the sobstancca outside tho body, but 
proteins wbicb burns with difficulty outside metabolises 
with tho greatest ease, then carboliydratos, while fat 

' Paht and Dhar, Jour Phy Cliem , 32, 1263 (1028) , 34, fi03 
(19J0) and Zeit anorg allgem Oiem , 194, 160 (19301 

• Ibkd 
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^vhicli rcA(li]> bums outaitlo tilo most difficult!) coiiilms- 
tiblo m iho body*" ^Vo have tried to imitaio tbo iiietabol' 
ism takiDjf plftCD in the animat body and Iiuno nude 
comparative experimenta* on tlio oudation of bmtf'r, egg* 
•white, egg-jcllow, {.tiiich, glycoKcn, and glucoso by p.iaaing 
air at the ordinary tcinpcrdture m presence of simliglit Tlio 
following results have been obtained 

Egg-yellow *. bOD per rent oxidised 
Egg-\\liito dl 25 » ,, 

Starch 2 

Butler . diH „ „ 

Glucose 13 b „ m 

It appears, thcrefoie, that ogg-jcllow is the most easily 
oxidisablo substance in presence of light, then come starch, 
egg-whito, and Imttor, while glucose is the least oxidisablo 
Henoo eggs which metabolise readily in the animal body 
aro also easily oxidised by air at the ordinary temperature 
m presence of sunlight- 

5 Wo have investigated whether the Einstoin Law 
of Photocheiiiical Eciuivalcucc is applicable to the photo- 
chcimcal oxidation of carbohydrates, fats and nitrogenous 
substances in sunlight The amount of energy absorbed 
by solutions of carbohydrates, fats and nitrogenous sub- 
stances was measured with the help of Boys radioimcrocieter 
It is interesting to note that the Einstein Law of Photo- 
chemical Equivalence is applicable to tlio photo-chemical 
oxidation of glucose, lactose and «*alaniue by au Ihe 
law, however, is not applicable to the photoclioiuical oxidation 
of glycine by air where about seven molecules react per 
quantum of light absorbed These results show that prao- 
tically colourless one per cent aqueous solutions of glucose, 
lactose, glycine and alamno can absorb light from the 
sunshine falling on the solutions. 

‘ Jour, Pby Chem^ 3d, 093 (1030). 
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This absorx)tion of onergj leads to tho activation of 
the luokcolcB and their consequent cliciiiical icaclion with 
oxygen in presence of light When these solutions aro 
mixed with ferric or uramom nitrate, tho absorption of 
radiation is considerably increased and the amount of 
oxidation la also increased. 

6 In one of our previous publications,* we have shown 

that appreciable amounts of the compounds of the peroxide 
tjpc are formed when air is t»asscd through aqueous 
suspeuaions of cholesterol, olive oil, batter and many other 
substances like cocoanut oil, castor oil, Imsccd oil, mustard 
oili etc Ithas been also observed tiial olive oil can be retained 
in that activated or excited state for a sufficient length 
of tune if kept in the dark hat tins phenomenon was not 
observed in a marked degree m tho case of ebolestorol, 
as It was found to haro lost us acUvo or ecoted state in 
the course of a few da>6 Moreover, appreciable amounts 
of glucose have liocn oxidised by mixing the solution of 
glucose with tlic exposed cholesterol, olive oil, butter, and 
other Oils respectively, conlaioiog the peroxide compounds 
Hence it is believed that the aoliTaclutic and beneficial 
properties of substances not containing the nccossarj 
vitamins are due to the presence of peroxide, which help 
tho oxidation of food inaleriats id the animal body. Sub- 
stances can acquire anti-racluhc properties when exposed 
to light only m presence of air and light. 

In the light of the observations made we can safely 
say that when the food materials are exposed to sunlight 
m presence of air, they take up oxygen forming some per* 
oxide type of coinpoond ■which can oxidise other food 
inatonals when mixed with Uiem. Consequently tho addi- 
tion of tho exposed substances to ordinary food stuff facili- 


‘ Jour Phj- Choni.,yi,T37(IWO). 51.393(1030), Ind.Jour 
Med, lleseatcli. 17, 430 tt029) 
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lates the proper ingestion of food materials and produce 
efficacious results 

7. Sunlight and artificial lights have been used ^Mth 
great auccess m tlie treatment of tuberculosis, poriucious 
antenna, rickets, etc. In some previous publications' we liavo 
emphasised llio importance of sunlight m the treatment of 
deficiency diseases and we have observed that ric ets, 
osteomalcia, beri*beri, pellagra, etc , would have been iiioro 
common m poor tropical countries like India and Ohma, 
had not the coraponsating agent sunlight been presen . 
This conclusion has bocn corroborated by our os-perimcnts 
on the metabolism of annnals 

8. Having investigated the above facts on tlio 
efficacy of exposed oils m oxidising other food materials, 
we have earned on cxporiments* on the metabolism of 
pigeons and rats using these exposed and unexposed oils. 
Incidonlally wo have also lovesligatcd the mfluenco of sun- 
light and small quantities of colloidal iron preparations, 
juicoof several green leafy vcgcUhlcs. tomato, etc., in the 
metabolism of pigeons and rats For tins, d.ffoicnt lots of 
pigeons and rats wore fed on polished Rangoon rico w iic i 
is believed to be entirely devoid of vitamins for abou a 
month. One lot had plont) of sunlight, ivlu Ist tho other 
hadveryhttloofit. Tim lot «lucl. had suiialiino did „ 
show an, atgn of polyneuritis whilst the other lot not 
having sunshine devolepod stomacluo troubles Brst and thou 
acute form of polyneuritis, paralysis and their ojes wo 
highly alfectod. All the affected ,, 

from the rest and kept in sunlight and fed attificia . 
substances rich in ritam.ns end conUining iron m sm.dl 

‘Jo»r. I’hy. CUoni.s?^ 1203 \ ^ . /j, 

anti Clicmio dor zoIU 'md UcbtcIm!., -I?. — ■ 

™*'°jour Pby curia. W >3J (IDdO) ; ami lad Joen Mwl- 

Rc«caich,i7.430{102U). 
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Tins absorjition of oncrgj leads to tlic acliration of 
the molecules and tlicir consequent chemical reaction 'wth 
osygen m presence of light When those solutions nro 
mixed with ferric or uranium nitrate, tho absorption of 
radiation is considerably increased and tlio amount of 
oxidation is also increased 

6 In one ofoup prcMOuspnbhcations,' w c have show n 
that appreciable amounts of tho compounds of tlio peroxide 
typo are formed when air is passed tlirough aqueous 
BusponsioDS of cholesterol, oliio oil, butter and many other 
substances like cocoanut oil, castor oil, linseed oil, mustard 
oi]» etc Ithas been also observed that ohvc oil can bo retained 
in that activated or excited state for a sufTicient length 
of tune if kept in tho dark but (Ins phenoincnon was not 
observed m a marked degree in tiio ease of cholesterol, 
as It was found to have lost its aciiso or excited stale in 
the course of a few days Moreover, appreciable amounts 
of glucose have bccu oxidised by mixing the solution of 
glucose with the exposed cholesterol, olive oil, butter, and 
other oils respectively, contammg the peroxide coinpouDds- 
Heuco It is believed that the aoti-rachitic and beneficial 
properties of substances not containing the necessary 
vitamms are due to the presence of peroxide, which help 
the oxidation of food malenals m the annual body. Sab- 
stances can acquire aoli-racbihc properties w lien exposed 
to light only m presence of air and light. 

In the light of the observations made we can safely 
say that when the food materials are exposed to sunlight 
ID presence of air, they take np oxygen forming some per- 
oxide type of coDiponnd which can oxidise other food 
matenala when mixed with them. Consequently the addi- 
tion of the exposed substances to ordinary food stuff facdi- 


' Jour Phy CheiD,^,73T 

Mea Research, 77, 430(1828) 
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tates the proper ingestion of fooil inntcnals anil proiluce 
efficacious results 

7, Sunlight ami arhOcul lighU have hecn used with 
great success in the treatment of tuberculosis, pernicious 
ancemia, rickets, etc. In some previous publications* we iuvo 
emphasised the importance of sunlight in tho treatment o 
deficiency diseases and wo have observed that rickets, 
ostooraalcia, heri-bcri. poHagra. etc. would have been more 
common m poor tropical countries hko India and Ciuna, 
had not tho compensating agent sunlight been present. 
This conclusion has liecn corroborated b> our experiments 
on the metabolism of animals 

8. Iliivmg m'oalis.iloa tho alwiu f.icta on tlio 
cHimey of osvosctl <»'>’“ o*''*'*"'*' materials, 

wo hato carncl on eaiicnnionts' on llio inetniiolisin of 
pigeons and rats using Ihcso otposed and unooposiid oils. 
Incidentally wo lull) also loiestigatcj tho mllncoro of sun- 
light and small quantities of colloidal iron i.rcparalions, 
jnicoof soioral green leafy icgouhlcs, tomato, ole,, in tho 
inetahohsiu of pigcoas and rats. For tins, dilforcnt lots of 
pigeons and rats wore fed on polished llingoon mo which 
is hehovod to ho entirely doioid of viUiniiis for about a 
nionlh. One lot had plooty of sunliglit, whilst the other 
h,.d,orjlittloof.t. Tho lot which h.id snilih.uo d.d.,0 
show any sign of polyneuritis whilst tho other lot riot 
basing snushiuo dcioloped slomaihio troubles lir.t and then 
acuio forin of |,olyneurilis. paralysis and Iheir ojes were 
highly alfe,-led. All tho alTeelc-i pigeon. »ero -wparated 
from the rest and hept in snnlighl and fc-i artitnul J ' 
snhstaucea rich in viumina and .onuioing iron in smi 

■Jour. fhy. ciwos.oA ido-t I',*;’! 
in,j. thsai.a.'. n: (th«i 
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Sl’MMAUY 

(1) An cxpl knatinn Tor tJio incLhoniam of milnrtHl niiJnUnn hai 
l)ecn auggestol 

(2) CaH)oli)ilratP8, fa*', pfofoms. food matoriala. and other 
organic tuhslancp' lia^o in prcaente of iiiduLlore lieon oxjtli'O't 

(3) Tho oxulalion of fate is rolafklod bj ourboindralos or U‘*s 
jmvfcrtully by prolouw and Jo a greater extent liy n mixture of 
protema and carbohydrates Also the oxidation of protein' is 
markedly retarded by fats and oaflxilijdrales 

W) ’The MOW that diabetes »s duo to inaufrieieol t)XiiUt*t>o 
glucose and fats in the Ixnly, has been corrohotalcd b) our espen- 
mental evidence oo Ibe Axnlaiion of losuUn, which goes to prorothat 
the oxidation of insulin leads to oxidation of glucose in the bod} 
This explains the decrease of glucose m, and disappearance of 
acetone bodies (romi tho diabotio blood and urtno on injeotiun of 
insulin. 

(3) Iron m the blood accelerates ealaljtically the oxidation of 
food materials Tlie iron preferably of colloidal nature, when taken 
into the eystera, will supply the natural dericiency and the necessary 
amount of oxidation will take place, thus showing the etUciency of 
the iron preparations m deGciency and metabolism diseases An 
explanation that fever is oo autocatalytio reaction has also bcin 
suggested 

(0) Expenmental results on the estimation of carbon dioxide 
prove that carbohydrates, fata, proUtns and oilier organic sub' 
stances are oxidiseil by air at tho ordioary toiupcrnluro m presence 
of inductor chiefly to carbon dioxide and not to any latetmodMie 
products 

(7) Comparative experiments on the induced oxidation of fats, 
carbohydrates, and prolctns show that m presence of inductor, the 
order of oxidation is the same ns that obtained by Voit, tlie eminent 
physmlogist. 

(S) An explanation of the internal use of alholi and alkaline 
eaxhonatea has been suggested based on the increased oxidation of 
lood materials by air m presence of alkali The alkaline iroalinont 
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SUMMARY 

(1) An expUnatioa for the intchanum of miliicoJ oiiJftlion 
bcensuggcstiiL 

(2) Carboh)dralc*, f»tJ, protpin<, food materials, and oiner 
organic substances have m presence of inductors been oxidised 

(3) The oxidation of fats is retarded bi carbohjdrutes or 
powerfully by proteins and to a greater extent b> u inixluro o 
proteins and carbohydrates Also tlio oxidation of proteins is 
markedly retarded b> fats and carbohjdratcs 

(4) The view that dubetes is due to insufGcieol oxidation 

glucose ami fata in the body has been cerroboralod by our expen* 

mental evidence on the oxidation of iniuliD, which goes to prove that 

tbe oxidation of insulin leads to oxidation of glucose to the body 

Thia explains the decrease of glucose id, and daappearonoe o 
acetone bodies from, the diabetio blood and urine on injection o 
insulin 

(&) Iron m the blood accelerates cataljlically the oxidation o 
food materials The iron preferably of colloidal nature, when taVoO 
into the syalem, will supply the natural deficiency and the necessary 

amount of oxidation will take place, thus showing the elficicnoy 

the lion preparations in deficiency and metabolism diseases 

explanation that fever is on autocatalylio reaction lias also beta 

suggested 

(,6) ^pciimenUt results on the esUtnation of carbon dioiide 
prove that cubohydraica, fats, proteins, and other organiQ fub* 
stances are oxidised by air at the ordinary temperatiiro in presence 
of inductor ohieQy to carbon dioxide and not to any mtermedwts 
products. 

If) Comparative expeninenta on the induced oxidation of falSt 
carbohydrates, and proteins ahow that m presence of inductor, ‘be 
order of oxidaUon is the same as that obUmed by Voit, the eminent 
physiologist 

18) An explanation of the internal use of alkali and alkaline 
oarhonatea has been ang^ted baaed on the increased oxidaUon ot 
tood materiaU by air in presence id alkali The alkaline treatment 
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should prove ef&cacious m gout, diabetes, beri*beri, rioketa and 
other metabolism diseases 

(9) Aqueous solutions or auspeosions of the following sub* 
stances have been oxidised by passing oir m presence of sunlight — 
arabmose, cane-sugar, galaotose, glucose, lactose, laevuloss, maltose, 
starch, gljcogen, urea, glycerine, a^alomne, bippurio acid, 
sodium urate, potassium stearate, potassium oleate, potassium 
polnutate, potassium oxalate, sodium formate, sodium tartrate, 
lecithin, cholesterol, butter, miHc, egg-white, egg*} allow and dilute 
solutions of citrio, tartaric and laotio acids Zmo oxide, uranium 
nitrate and feme nitrate act as a powerful photosensitiser in 
the above oxidations and in Ihoir presence tbe amount of oxidation 
in each case is greater than m their absenoo. Our experimental 
results show that the amount of oxidation increases with 
(a) the intensity of light, (b) the amount of light falhog on the 
solutions, and (e) the time of exposure. 

(10) Sxperimcntal results on tbe estimation of carbon dioxide 
prove that carbohydrates, fats, proteins, food materials, choles- 
terol, lecithin, etc , are oxidised by air m presence of sunlight 
chiefly to carbon dioxide and not to any intermediate product 

(11) Comparative expenraents show that order m which tho 
food materials are oxidised in presence of sunlight is aa follows — 

egg.yellow >8 tarch^egg-wbiie>butter> glucose. 

(12) The Einstein Law of Pbotoobemical Equivalence is 
approximately applicable to the photocbcmioal oxidations of 
glucose, lactose and alanine by air. 

(13) Expenmental results show that appreciable amounts of 
tho compounds of the peroxide type are formed when air is passed 
through aqueous suspensions of cholesterol, butter, olive, ooooanut, 
mustard, castor, and linseed oils and some carbohydrates. These 
peroxides have been estimated by tbe amount of lodino liberated 
by them from an acid solution of potassium iodide iloreover, 
appreciable amounts of glucose have been oxidised by m ixing the 
solution of glucose with the exposed substances contammg iho 
peroxide compound. Hence it is believed that tho anti-raoIuUo and 
bcne&cial properties of substances not contammg tbe noocssar) 
Titamms are duo to tho presence of peroxides which help tho 
oxidation of food materials in tho animal body 

(14) From tho experiments on metabolism of animals, wo 
have proved that sunlight IS tho best provontivo for diseases Uko 

P 35 
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pol}Qeuniia, ben-ben, ncLeU, cle. Olive oil, oipoeod to sunlight 
and air, cornea on close second, whereaa iron and unexposed oils 
are harmiul to animats The natural food with plenty of sunlight 
seems to bo the beat kind of diet for the maintcnanco of health. 
In tropical countnes many deScicney diseases are avoided due to 
sunlight Hence sunlight and other Linds of ailidcial lights proio 
eiEcacious m tho treatment of diseases specially of metabolic otigm. 

(15) These results (induced and photochemical oxidations) 
aro very important, because these oxidations are of tho same typo 
as those taking place in the animal body. Tlie exponments in this 
investigation are in reality imilaiions of Nature's process of oxida- 
tion of food materials in the animal body. 
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FRESH FRUIT JUICE MEDIA IN RELATION 
TO THE GROWTH OF CERTAIN 
DEUTEROMYCETES 

BY 

A K MITRA 

Research Scholar, Department of Botany, 

Unxveraity of Allahabad 

INTRODHOTION 

Tho stud; of the Deutoromycctes under artificial culture 
has led to the recogultton of the fact that most of the 
organisms are variable In these variations may take 
place when subjected to a number of different environmental 
conditions, but a change of tho substratum often markedly 
affects their growth. InvestigaUons on the effect of different 
media on the growth of such fungi have resulted in tho 
discovery of several useful media many of which are used 
for the production or iutensification of somo particular 
character of the organism. Thus a starchy medium such 
as Rice Agar is best suited for the study of colour production 
by a fungus and Richard’s agar has proved to be very 
favourable for saltations 

Fruits are specially suitable for tho preparation of 
media because of the valuable nutritive substances thoy 
contain and the ease with w bicU their juice can be extracted. 
That IS why a large number of fnut juico media are em“ 
ployed in the Western countries for tho cultivation and 
study of tho fungi. In this country it had been tho practice 
to prepare ' media from those fruits only as are used in 
197 
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the foreig:n coantnosi each as Prnno joice agar, applo agar, 
etc*, because their effects are known* But though a largo 
number of fruits grow OTcry year in India there has almost 
been no attempt to ascertain the relative effects of the 
media prepared from their juicca on the growth of fungi* 
Moreover, as has been pointed out before, useful results 
are alu ays to be obtained from the study of the suitability 
of so many widely varying media According to Brown (5) 
the problem why one organism grows well m one medium 
and not on another is of “greatest interest in pathology, 
as its solution would form a vantage ground for the study 
of immunity in so far as the latter is based on nutritional 
factors ” 

The present paper is an attempt to investigate the relative 
valnca of the jxuccs of certain Indian fruits, as media, for 
the cultural study of four Dcntcromycetes* 

ifalenali ani ilelhod - — At the bcgiDDing the four 
fungi were freed from bacteria by tho method of Brown (4) 
and single spore cnltures were prepared by the triple dilu- 
tion and poured plate method These single spore cultures 
were kept m plugged test lubes and were the source of all 
subsequent inoculations. For observations petndish cultures 
were made m triplicate and no character (saltants excepted) 
has been presented here that did not appear in all of the 
three plates 

Preparation of the 'Mtdut — 1. Brown’s synthetic 
medium with starch 


Asparagin 2 gms. 

Magnesium sulphate 75 gm. 

Glucose 2 gms, 

Potassium phosphate 1 25 „ 

Starch 10 „ 

^gar 18 „ 

Distilled water to make up — 1000 c.c 
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Afiparagin and Magnesium sulphate ^?ere dissolved 
separately in boiling \sater, the volume measured and added 
to the rest -wbon cool 

2. Bed Mulberry Agar {Mcrus tndica ). — Only the 
very ripe deep purplish fruita were selected. They were 
thoroughly washed and the joico was prepared 6} squeezing 
through mualin Tho seeds, which were rather hard and 
BO did not get crushed, were discarded. The juice tasted 
sweet but acidic. 

Undiluted juice — 100 c c. Agar — 18 gms 

Distilled water to make up— lOOO c.c. 

3, Green Holberry Agar (dfoms alha) — Only the 
very ripe fruits wero selected and the juice prepared as m 
the former case. Taste— very sweet 

Undiluted juicc— 100 c c. Agar — 18 gms. 

Distilled water to make up — 1000 c c. 

■1. “Water-melon Agar (CitruUus vulgaris)^ — The skm 
and the seeds were discarded and the juice was pressed 
out of the pinkish tissue through maslm. 

Undiluted juice— 100 c c. Agar — 18 gms 

Distilled water to make op — 1000 co. 

5 Kakri Agar (Cucm»i*s uUhsshnus ). — The fruits 
were cut into small pieces and without removing the skin 
or the seeds were crushed thoroughly in a mortar The 
jDico was extracted cot of the pulp through mnshn. Taslo 
of the juico — flat. 

Undiluted juice — lOOco. Agar — 18 gms. 

Distilled water to make op — 1000 c-c. 

6 Kbarbuja Agar (Cucumts melo). — The skin and 
the seeds were discarded. Tho fleshy portion was pounded 
in a mortar and pressed through mushn. Taste— 
sweetish. 
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Undiluted juice — 100 c.c Agar — ^18 gms. 

Distilled water to roaVe op — 1000 c c* 

7 Phalsa Agar (Grcina asiaiira) Only the npe deep 
purplish fruits were chosen, washed, and pressed through 
muslin levying out the seeds and the fibrous parts Taste — 
acidic. 

Undiluted juico — 100 c.c. Agar — '18 gms. 

Distilled water to make up — 1000 cx 

8. Bel Agar (Aegle Marmelos ) — The flesh j portion 
adhering to the hard coal and the central part with 
mucilage and seeds were rubbed against a stretched mnslin 
A semidiquid extract came ont Icariog the seeds and the 
fibrons parts. Taste— flat and mncilaginons. 

Undiluted extraci— 50 gms. Agar— 18 gms. 

Distilled water to make up— 1000 cx. 

9. Mango Agar {Mangifera uiiico)— The “Sindun” 
Taricty from Madras was employed being the only kmd 
obtainable at the time. The skin was peeled off, the fleshy 
portion was cat to slices and pressed through muslin. 
Taste — sweetish 

Undiluted juice— 100 cx. Agar— 18 gms- 

Distilled water to make up — 1000 c-c. 

10. Lichi Agar (GnapAoltunt licAO ' — Only the sweet- 
est ones were selected* The skin and the seeds were 
discarded and the juice was extracted by pressing the 
fleshy portion through masbo. Taste — ayi eet 

Undiluted juice — 100 cx. Agar — 18 gms. 

Distilled ^ater to make up— 1000 c-c. 

11. Pomegranate Agar (Punita granaium) —The 
juice was pressed ont of the seeds through muslin. Taste— 
sweetish 

Undiluted juice — 100 cx. Agar — 18 gms. 

Distilled water to makn up — 1000 cx. 
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The pH-ralae, colour of the rnodio, otc., are tabulated 


below- 


Symbol 

pll-yalue 

Jolouf of the juice 

Colour of the 

— 

' 


Psle-olivebulL 

Br 

Mr 

Mg. 

Wm 

10 

42 

Corinihian purple 
Yellowish white 

Walnut brown 

Deep-olivebulf 

62 

Deep flcsli 

Pale Cartridge 

buff _ 

Ka 

Kh 

Ph 

12 

66 

p.nkiah bufi 
Bright Spinel 

Pale-olive buij 
Pale-oli^o buff 

70 

Buff yel'o*^ 

Deep Apricot 
orange 

Ma 

Li 

Po 

4-8 

46 

6-2 

PnmulioB yellow 

Pal® milV white 
Pale cream 

iTory yellow 
Pale-olivo bull 
Dirty CTOsm 
white 


Brovn’s starch 
Red Mulbenragar, 
Green Mulberrr 

agar 

Water-melon agar 

(Takri agar. 
Kharbuja agar 
PhaUa agar. 


Toprercut.actaucl,as^o^;;;;-^ 

the compounda etcrJ.zation, Mhioh oe 

sterilized bj the luethod of 20 mmutes at 

rccommonded by Harsbergcr ( ) of 

100-0 on each of tho three „„d the agar 

Phalsa agar ? mlicd just hcroro Bllmg 

had to be sterilized separalclj and Di.zeUj 

up tho plates. f„,te were emplojed 

For tho present |„^.,| ,„erket at the time, 

as could bo obtained fresh fro the standard 

lirown’s “‘“'‘’'■”“*,‘'“°n.°aIuo determinations Mere made 
tor comparison. ita> 1'“ n is verj difficult, if not im- 
by tho colonniotno mo method especially 

possible, to get eorrec results put forward arc 

itthosololloiisaroeo eu 

to bo considered n rdonlif, cations wero made as 

approximate ' “C lUdgway’a (11) book. 

far as possible w nil 

u» »-l.s hsss t— ir 
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Observations on tbe coltarcs on the first sis media 

which were inoculated at the samo time to enanrc identical 
condittona, wore made at a temporaturo varying between 
89® to 91 5® F The colturea on tho rest five media, which 
though inocolated later wero also done simultaneously, were 
grown at a temperature of 93 to 95 F. 

Fungi used —The four fungi used m this woih 
were growing saprophytically On various organic dehns. 
Cultures were sent to Dr Wollenwebor to whom the author 
is indebted for the idcnbfication of the species. 

Tho general characters of llic fungi as found on tho 
various media are described below 

Fungus Xo G — Ftnartum tnrnrnatum (Ttoh) Sacc* 
FuBanum semicclum Berk et Ba\ variety d//7^w Vfr. 

Mycelium pale pmk, hyaline to minutely vacuolate, 
septate, 3 5— 52i» thick Spores-hjahoc, slightly curved, 
ends gradually attcanated, apcdicillato, 0 to 3 septate. 
Septatiojj mode J Bango of si/o 7 B to 25 £» by 3 5 to 5 2 
{Plate III, 1 ) 

Fungus No 7— >Vafros/)orJMt» sp 
Mycehum deep mouse grey, slightly vacuolate, septate, 
3 5 — G0i> thick. Spores dark colonrcd, stalked, 0 to many 
septate (about six), monforra, older ones rough-walled. All 
of the cells and even tho stalk may geruiiaate. Range of 
size 10 4—62 1 by G 9-16*4 (Plate III, 2 and 7 ) 

Fungus No. 9 — Acrolhecium sp 

Mycelium dark mouse grey, slightly vacuolate, septate, 
3 0—5*2 M thick, spores dark coloured, tho two end cells less 
dark than the inner ones. Spores poarshaped, elongated 
or bent, the amount of cnrvatnre vanes. In three septate 
spores ono of the inner cells exhibits a prominent bulging- 
OUve-brown to blackish grey in colour. 0 to 3 septate. 
BirpiJa^ioa mode 3 Gut on some media 1. Germination takes 
place by the hyaline end ceUs (Plato HI, 5 and 6 ) Range 
of size 6 9-25 9 by 5 2—10 4 
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Pangua No« 10 — Sptearia sp* 

Mj-celium Pinkish white, hyaline to mostly vacuolate 
septate 35—5*2 thick Sporea hyaline to vacuolate, ova! 
to eJiipsoidal, a septate Range of size 5 2~22'4 by 2'6~ 
6*0 (Plate III, 3 ) 


OBSERVATIONS 
(A) — Macroscopio Ghabactebs 

1 Ziuear Oroici/i t ate — From the graph m the Text 
1 it ia found that F tncarnatuin (No. C) shows tlio 
greatest rate of diameter incicase on Green Jfulbcrry agar 
Rs rate of groivtli on Kharbuja agar is also nearly as great 
and ia fact the average rate of radial advance in both of 
them is Iho samo (see Text Fig 5). On Phalsa agar the rate 
of spread is remarkably alow and on Pomegranate ogar it 
ia slowest— 'the culture not reaching more than 2*7 cma m 
diameter even after fifteen days* growth. All the media 
arranged la a ecriea showing a dcaccnding order of gtowtli 
rate are ilg, Kb, Wm, Ka, Be, Li. Br, Mr, Ma, Ph, Po. 

The linear rate of spread of Uic fungus on all the media 
gradually falls off as the colony grows and thus gradual 
staling is shown- 

From the graph in Text Fig. No- 2 which shows the 
grow th rato of Afacrosparm/a (No. 7) it is seen that for 
this fungus also the most rapid growth is obtained on Orcen 
Mulberry agar and iho next rapid growth is found on Red - 
Mulberry agar. The colony on Brown’s sUrcU is sUling 
60 that though its graph begins at a higher point tlian many 
of the media, it later comes down to a lower .feich On 
Pomegranate agaf the rate of growth is slowest, nio 
series showing a dcsccudmg order of growth rato ia this 
fungus ia— Mg, Mr, Kli, ^Vm, Ka, ila, Br, Ph, Po. 

The chart for the averaRO rato of ndml adtance (Text 
Fig. 0) ul&o shows iho sawo senfs. 
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“■* — a & i 4 ^ iu 
•Mgt of the ailtuvt (d^) 

TexUFig 1 Graph ahowmg the rate of linear growth of 
Futanum tnearnalum oa the Torioua media. 
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The graph m the TeAt Fig. No. 3 Bho«-» that here ato 
Otecn Mulberry agar proAca to be the me mm o 
JmlAecmm (No. 9) showa Ibc greatest rale of spre . 

Red Mulberry agar thero .a aocood b.gbes. 

The ecrica of tho media ahoviiog deoreosmg g 
mthia fungus is Mg, Mr Wm, ^b. Ka L'' t^res 

and Po. The samo senes w also obuiuo r ' 
et the average rate of 

(N„.Tairth:rr ’gCst grOAA. - 0^^ 

Mulberry agar Seeond '"Sbea^ „f g„,vtU 

shorrn on Rod Mulberry agar m ^ 

19 found on Pomegranate agar 

.oendmg series of the r.ato of bn g 
IS Mg, Mr, BcICh, 7lb/;J;;““’/:;rage rate of 
The same senes also holds go 

radial advance on these media (see 

Macroscopic chametero other than 
gro^vth are tabulated below 


I uicarnalmn No 6 - 


n »bovp From beDe&th. 


Pole cinnamon 

Pe^o"Tt.llulbufl. 

Pole Tfllul bun 

PaleTellulbuU 
PoleTellul butt 
Pale cionomoD 

P^eTellolbulI 
Pole cmcamon 


Light Ochroro- 
ous bulL 
Darkish Wal- 
nut brown 
Near Ochroca- 
ous bus 
Polo Cartridge 
butt 

Palo Olire buiL 
Pale Olire bull 
Pale Olire buCL 
Near dark Ap- 
ricot orange 
Pale Olire bulL 
Pale Cartridge 
buff 

Pole Olire buff 
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The aenal mycelium bus a loose cottony toxturo where 
present On Mr, Li and ila the aerial mycelium is almost 
absent bnt the colony is rather thick Then comes Kh, 
^Ytn, Ka, Ph and Po in order of the thickness of the colony- 
They are pellucid and have no aerial mjcelium. On Brown s- 
starcb only (Plate I, 1) there are two zones of better 
developed aenal inycelmm. The media remain uncoloured 
but the colour as seen from beneath has been recorded. 


dfecrosporiMHt sp No 7 






Colour 

a 

OrowLh. 

mrceliuiD. 


From abort 

From beneath. 

Br 

Sair 

Fair 

a,di>tiDcii. 

Drop xnouee 

Deep neutral 

Ur 

Q«oS 

Verr good 

t. broad 

Clackiib mouie 

Duakr purpliah 

Mb, 

Vigorous. 

Abandant. 

t. todiytiBcl. 

Ulatkiib mouie 

eiil . 

Deep Blman 

Wm. 

Uoderato. 

Fair 

4. CaioA 

Dark neutral 

Oreriah aUte< 

lU. 

Uodmta. 

Feeble. 

l.dUUDCL 

Daik neutral 

Tale gtar»»h 
■late. 

Deep slate- 

Ox. 

Modonte, 

Good. 

S-distutct. 

Deep mouae 

Ph. 

Fatbl* 

Feeble. 

1- taint. 

Dark neutral 

Pale aUta. 

Da. 

Good 

Verr good 

1. indie. 



Ua. 

lair 

Good 

tenet. 

AbeeoW 

Deep mouae 

Gregiahalate. 

lii. 

Fair 

Good 

AbeeoA 

Dark mouae 

Deep slate. 

Po 

Feeble. 

Slight. 

3,dicUnct. 

Deep mouae 

Blate. 


In this fungus the deep moose grey cottony mycebum 
is covered over by a whitish mycebum which is mostly 
present near the centre- On ilr, it forms a broad 
rmg near the centre (Plato I, 5) and on llg and Be 
it forms an indistinct nog at the same place The growing 
margin of the colony on Mr, llg, Be> Li and Br had a Dark 
Ivy green colour. Unlike the previous one this fungus 
imparted colour to the snbstrata whicli appeared in a marked 
degree after about fifteen days’ growth In Br the colour 
of the medium is present m a prominent ring 1 2 ems wide 
at a distance of about Z ems from tho centre- 
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Acrothecxmn sp. No. 9 




Aerial 

tnycelium 


Colour 

s 

Growth 

Zonnt .00 

1 From above 

From benialb 

Br 

Vigorous 

Abiindsnl 

1, broad 

Dark 

Ktey 

mouse , 

Slate grey 

Mr 

Very vigor- 

Very ttlmn- 

3, fault. 

Dark 

gref 

mouue 

Dark (ihvegrcy 

tiB 

Vvry ^igor- 

Ve y ebon- 
dSDt 

3, faint 

Dark 

grey 

mouse 

QrpLii bluisli 

Wm 

Vigorous 

Abundant. 

Absent 

Dark 

grty 

niousi 

Slate 

Ko. 

Vary good 

Vt ry good 

4. disliiict 

Dork 

grey 

mouse 

Palo slate 

Kh 

'Vigorous. 

Abundant. 

3, nidis* 
tiuct. 

Dark 

grey 

mouse 

Slate 

Pk 

Good. 

Good 

Absent 

Dark 

mouse 

Slate grey 

Ufi 

Very Tigor* 

Very good 

AbsenU 

Dark 

grey 

mouse 

QIackish purple 
slate 

Ma 

Vigorous. 

tecygood 

Absent 

Dark 

grey 

mouse 

Near castor 
grty 

Li. 

Vigorous 

Very good 

Absi nt 

Dark 

grey. 

mouse 

Slato 

Po 

Fair 

Fair 

Absent 

Dark 

grey 

mouse 

Light grty 


,In Acrothm,,,. the acnal nioohum I'-;® 
texture and dark mouse grey colour on a 
0» Br. there .s a broad rrns of ^^Wo '"*7, 
ocar the conlio (Plato I, 12). Oo Bel agar 
toaalion but the culture shovis a numher o 
Ktoorcs eatcud.ug frou. tho centre of the co any o th o^e 
(Plate II, 3). The colour noted frou. . “'“1“ 

tfiCBubBtratB flhicb is developed to a mar 

fifteen days’ growtli. 
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Sincana ep No 10 


1 


, i 

f 

1 

C .lour 

^ 1 

t.roBXli 


AuIImImiU 1 

Kr« m aI.*.* ■ 

Plum lirtiralb 

Ur 1 

ol.r.U 

i 

Fair 

1“ 

AIiM III 1 1 

1 irtb.rb wliiU 

Vinkirb bull 

Ur ^ ' 

llooO 

1 

Abxbl ' 

1 iiiLnli vh.tt 

hark Walaut 

Ms 1 

<..,.,1 

(■••••I ^ 

AWni 

i ipVi'b 

Lifclil eioi'anii'" 

bud 


Kol.li 

i 

1 

I 

IMi 1 tnlLi>U ] 

»I»U 

; I'jIiVkU C*ll* 

1 n.ltr'-'*** 

K« 1 


Vioirrvtr ‘ 

' Al.krni 

' >)>> (iinVirb 

llalr I'liAwb 
j bull 

Kb 1 

Uodrritt 

Vublr 

1 AIrtI lit. 

I’inlifU trliitr 

! l’«le I'lokirk 

1 buS 

.H ] 

\ err 

Prrblr 

1 1 
j Altctil- 

■ a!' pioLirb 
«biU> 

' I’sla piiikirb 

! bud 

Ur 

Gctnd 

' tiool 

1 Ab><-iit 1 

I'lekvtb ubit< 

U»rk Apo«* 
orange 

U» 

Mfl'lirrlr 

UiMcralr 

1 AliMllb 

1 Piokitb wbito 

Pair rrnktab 

L. 

F* It 

' F«ir 

1 AI»»dI 

I'inkihb ubitr 

l'ir.ki..b bud 

1 u 

Vrtjr frtUr 

1 FttUi- 

1 \l>>rai 

1 tblr piuVith 
1 oibilr 

p,1t, pinku.b 


In tins fnngus the aernl injccliuni la loose and cottony 
and has a pinkish uhito colour on all the inedn. On the 
last Rto media it is dovclopcd only in the centre of the 
colony The media remained uncoloured hut the colour as 
seen from belosv lias been recorded 

(B)— SllCBOSCOMC CnARAGTEES 
As ^.(l7lscd by Brown and Horne (7) samples for 
comparative purposes were taken at about 1 cm 
distance from the centre when the cultures were fifteen 
days old After noting the condition (vacuolation, etc.) 
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of the mycelium anti the aporra the slides were kep 
glycerine and further cxaminationa made 

TLosUa,eoflh. spores rc, earned " 

and Las been descr.bed before Tborajee mm and lb .or™ 
ofll.e fungi on all tlio media ranged from bya me o 
and m tins respect no constancy nas obserred In no 
^^cre they gianular. 

Othei obaiactcra are bibulatcd below— 

Sp>rttlaUoH 


Fit^nnum 

MnrroFPOf"’® 

FcpUo 

Vtry (jooJ 

Fiibtv 

Fu.f 

Vffryapflfse 

UooJ 

Pair 

Pair 

Very fuhl*- 

V«rr ifooJ 

V«‘»y po"" 

SpartF 

Fair 

Goo'l 

V'pty blF 

Pair 

Fiphle 

Very fair 

8par*F 



Heiilalion — The 
unconscious selection 
Sihown graphically m 
13 tabulated below 


r;::::,:s:f too spore coanls aie 

Test Fig.l!, and the average sclilalion 


Average iCplaiK>‘> 


Fii 


Ku iiiiiin 
Af rf.i’iiniun 


l__ 


Wm 

Ku 

Kli 

1*U juc 

JEa 1 Li 

Pn 

1 JJ 

U1 

lOp 

b'J ! 1 3'' 

1 04|l Hi 

faO 

J04 

21' 

lOl 

1 2u! 1 T-1 

IS.] till 

1 45 


rT^rnnpor.«»i rp- 'I'lio spores Mere 

Fungus >0 ^ nf scota was attompteu. 
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Fnogus Ko 10.— Tlio spores wcro all 
a 



Number of septa 


RELATIVE VALUES OP PBUIT JDICEB AS MEDIA 

From lliD Text Fig No. 6 it is seen that on oil the media 
the septation mode off .»cornalo». (No. 
hut on all of them, excepting Plialso agar, - ° 
spores arc found. There is greatest number o - 
and 3-septato spores on Red Mulberry agar u 
greater number of 2-.eptato spores on Ureen “ 

than on the former medium. So the average septa ion on h 

lattermedium is higher If tho t 

index of tho suitability of tbo dilfercnt „ 

this ebaraoter then tho figures give us the fol g 

a decreasing order of suitability for this fungus Mg, Mr, tie, 

Ia,Wra,Kl,,Ma, Br,Ka,PoandPb. ^ 

On tho other baud but ontbo last Evo 

tlirce mode 8ei)tatioa on tlio .pj,g largest 

ttedia tho septation mode » change ^ found 

numbop of O^septato and I'septa e ep fg,^est S-septato 
on IPhalsa agar which also b 

spores. So in the caso of this lu g Mnlberry 

average septation on this me m • average 

agar the number of the 3-scpta sp jl,0 following 

septation also aro highest In » g ^Jeg of the average 
senes of media are obtained rom , jg jfg Mr, Ka, 

septatiou Tbo senes lu decreasing order 

Br, Win, Kb, Bo, Li, Ma, Po u” (ii„. y the 

, jUfosHWJicM^s Mulberry agar and G reen 

largest spores were obtamc on ^ 5—13 8 x 3'5 — 

ilulberry agar. The 0*septa j-septato spores wero 

4'3j., average size 11 2 ** _ jgg x 4 3>*«The2-Beptato 

U 7-2U 7 X 3’5 - 5 average size 20 7 X 5 2 ^^ 

Spores were 17 3 22 4 ^ gaaured 1 9 0— '25'9 X 4 3 5 2#», 
The d-septato spores and Li tho 

V average size 22‘4 x 5 2/^ btaincd * Tho average size of the 

next largest spores were pi, 

3-septato spores found. Tho 0-septate 

spores of tbo lowest dimcn» 
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spores ranged from 78 — 11*2X3*5 — 4*3 m* The 3-septate 
spores were 17*3 — 224 x 35— 5’2;i, a%'eragc size 

13 2x5*2/^ 

3/atrospari«m (No 7) also shows the largest spores 
on Red Mulberry and Green Mulberrv agars The iiioasare- 
menta are 10 i — 62 1 x 6 D — 16 4>» On the rest of the media 
the spores generally Taned from 104 — 518Xb 9 — 15 5/*. 

In ^IfrotAecunn sp. (No. 9) greatest dimensions of the 
spores are foond on the following media — Mr, Mg. Kh, Be. 
Ma .and Li The spores generally measured. 0-septatc ones 
6 9 — 14’7 X 6 9— 8 6/*, average size — 13 8x69/*. 1-septato 
spores '104—17 3X69 — 8'6/*, avenge size — 155X69/* 
2>seplate spores 13 8—19 0X6*9—104/*, average size 
16 4X8 6/*. S'septate spores 17 3—25 9 x 8 6—10 4/*, 
average size— 20 7 X 10 4/i» On the rest of the media, t*f.. 
Br, ^YIn, Ka, Po and Ph, the spores were shortor and the 
3.septate spores measured 155—207X78—96/*, average 
size— 18 2x8 6/*. 

Spicarta sp (No. 10) shows largest spores on Red 
Mulberry agar, the measurements being G'O— 22 4X3 5— 
CO/*, average sue — 13 8X5 2/*. On Mg, Kh, and Be next 
higher measurements are found — the average size of the 
spores being 13 OX52#» On Br.Ma, and la, the average size 
of the spores is 11 2X3 5/t On the rest of the media, nr, 
Ka, Po and Phtbe shortest spores are observed They 
measured 5 2 — 73X26 — 4 3/«, average size — 10 4X35/*- 
True chlamydosporcs were foond in .icroi/jectum (Plate 
III, 4) They were absent on Brown’s^starch but on other 
media they were present in fair numbers Some swellings 
of the hyphae with no thick wall were however found in 
almost all the cultures of fusanuHi incarnatum (Plate III, 
8) It is not certMn whether they are mere swollen hyphae 
or arc of the naturo of cblamydospores. 

Saitalio/is. — 1- No. 6a. — This saltant of i^. mcor/in/«»» 
as two sectors on Red Mulberry agar (Plato I, 2) 


arose 
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It had belter developed white '’'bTcauso 

parent end probably had a faetcr . 

the sectors outgrew the radias of P , 

lledinm remained uncoloured Spomlahon was 
iind the spores were hyalmo to vacuo a e- 
®ode was 1 and the average septation was 
■Peasnrementa were Iho same as that of the parM 
2. No 6b.-Thi8 saltant (Plato I. 3) ot 
“rose on Green Mulberry agar and occapie 
the diameter of the colony It ^ ij>j^g margin 

colony never reached the edge of the ^ myceh- 

ifthec-’ - 'I’l— was 


colony 


j never reached the edge of the jjg„alinyceli- 

•ho colony was wavy- „ u lemamed on- 

on Iban the parent The medio® ° ° (ation niodo was 
tolonred Sporalation was measurewent 

one and the average eeptotion was parent 

"I the spores were the same as lha ° (plate I> 12) 

3. No. 9a -This ealtanl of .-i plates of 

•Mse m the form of sectora on w amount of 

Stown’s starch It had only a »« f . ojcehum was 
Wral mycelmra. The colour of tb ^ „ry 

Vinaceous russet (reddish) “ V" ! „as dark mouse grej 
“arkedly from that of the P»t®f ' pelow was light Busset 

(Machah). Colour of the ®"’.um eeemed to be 

Vmaceons. The red colour “'latiou was very mcag'C 
present on the cell wall average septatioo was 

'TL - q and the __*• theirnieasuro* 

The spore mode w« 3 average 

iue spores were su 3— -I8 

tents be, ng3-septatesporcs 5 ) arose 

7v'“;r-Th.saa>‘-‘“'"rr muio 

4 No 10u-™“„„a occupied “ f jl 

Ob Red Mulberry agar a ‘he f®® 

c^Qltnro BO that the P j ^ ores measured the same 

had less of aerial a the " 

Sporalation was intense 

as that of the parent- 
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COMPARISON OF RESULTS AND DISCUSSION 

From the observations presenlod before it is seen that 
almost all tbe cliaractcrB of tbo four fungi show tlio great- 
est de\elopment on Green Mulberry agar The only excep- 
tions are found in sporulation where Fusartuin and itacros- 
‘ponum show slightly better sporulation on Red Mulberry 
agar The measurement of the spores of Spicario la also 
slightly greater on the latter tnediuni. Zonatioo, liov'ovcr, 
IS rather pooi on Green Mulberry agar On Red Mulberry 
agar there is generally second best development of all the 
characters, though sometitncs, as in the case of the deve- 
lopment of aerial mycelium in F«sari«irt and Spicana and 
m the sporulation of Acrolhectutn, it is superseded by other 
media Only the linear growth rate of Fu»arttm w rather 
slow on this medium 

All the fungi m a like manner show very feeble deve- 
lopment on Phalsa agar and Pomegranate agar Thorn is 
least rate of growth of all the fungi on Pomegranate agav 
and the colour and development of tbe aerial mycelium is 
the feeblest lu these respects Phalsaagar is only slightly 
better than it Out as regards sporulation, scptation and 
measurements of tbe spores the order is reversed. Phalsa 
agar proves to be the worst medium and Pomegranate agar 
IS Only slightly better 

The test of the media vary m their positions among the 
other media with regard to tbo different characters On Bel 
agar there is very good development of most of the characters 
and often it equals Red Mulberry agar or even Green 
Mulberry agar But the bnear growth rate of 
-Ifacro^poriion and Ac}oihtewm on this medium la slow lu 
almost every case Licbi agar cornea next to Bel agar but fungi 
Nos 7, 9 and 10 show slightly better sporulation on the 
former medium than on the latter Not a very good develop- 
ment 13 shown by tbe fungi on Mango agar. On this medium 
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i!ieir rate of growth ia very slow but other characters show 
^ air ilevelopmont With these the standard synthetic 
lam Brown's starch docs not compare very favourably 
the fungi show a alow rate of growth on this medium but 
some characters do ahow a good development on it. Thus m 
^ornlation of Afacrofpemim and Acio(/iectum it approaches 
reoa Mulberry agar and Ked Jfulhcrry agar respectively 
ho aerial mycelium of these two fungi shows a fair develop- 
ment on this medium On Kharbuja agar there is very 
^npid rate of growth but ovccpting sporulatiou other charac- 
fail to show a good development on it Similarly, on 
^^ater-melou agar and K.ikri agar the fungi show a fast 
fffowth rato but all the other characters are developed pooi- 
ZonatiOQ, however, is better shown on Kahn agar than 
oa any other media 

It would ho very difficult, if not impossible, to a count 
all these behaviours of the fungi on tbe various media 
It would be hazardous to assign the results to any particular 
factor in these mulh-cooditioncd iDctabohc processes This 
18 more particularly so m the event of an almost entire 
absence of knowledge about tbe composition of the fruit jniccs 
, which have been employed However, the following 
conclusions seem probable 

■ It has been found that on Green Mulberry agar there 
is highest rate of spread and best development of other 
characters but on ■Watermelon agar and Kakn agar a higii 
erowth rate IS found associated wiUi a feeble development. 
Thus it IS seen that a greater rale of linear growth does 
m always correspond to a greater development with regard 
to other characters This has also been noliced by Ucj 
(ll) working with the same four fungi SiiniJ.ir conclasions 
have also been reached by other workers as Brown (G) and 
Stevens and Hall (15). Tho btlor state that ‘ no correlation 
>8 noted between the rapiditj of linear gro\fth and tho 
nutritive value of tho mcdiam. In many cases most rapid 
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linear growth occurred m 'what was surely the poorcs 
raedium ” It has already been pointed out that this w orl 
was carried out at a rather high temperature Accordiuf 
to Bails (l) there is an optituuni temperature for growtl 
beyond which the growth curves decrease and Mitra (12 
states that for a giren fungus the optimum temperature fo 
growth vanes with the medium He finds that Brown 
medium gives in general a lower optimum temperatur 
for growth than other media as Prune juice agar, etc 
For these fungi also it is possible that the temperature a 
which they were grown were rather higher above th 
optimum more especially for Brown’s'Starch but in th 
absence of any definite knowledge it is best not to infe 
any conclusion. Acidity of the medium has a marke 
effect on tho growth of Fungi ^Yorklng on Ftaarw 
Horne and Mitter (10) obtained curves of the usual optimal 
typo and found that some strains were more tolerant ( 
acid than others According to Boyle (3) the pH-Iiuiii 
and optimum for growth of ^’usariton depend on tli 
medium The results obtained in this work probabl 
justify these couclustons Both Red Mulberry agai an 
Phalsa agar have a high concentration of acid but on tl 
former medium there is much better development of a 
the fungi than on the latter. On the other hand, betti 
devclopmcat is obtained on the less acidic Qrcen Mulberi 
agar than on the more acidic Red Mulberry agar. Zonatic 
has been, from time to tune, attributed to various cans 
agencies Bisby (2) attnbates this character to alternatu 
light and darkness and according to Mitra (12) this effe 
13 more clearly marked in the noiglibourhood of tho optima 
temperature Hedgcock (9) finds that in Ceiphalollteciu 
daily variation m temperature is not the cause of zonatii 
and accatiiios tu thia chaca/itAi: \a s. tun/iluiu. of 

particular strain and has some systemaUc value In tl 
work it 13 noted that though exposed to the same conditio 
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a fungus formed zones on some medium and not on otliers. 
Thus here it is seen that zones are produced bj a pardcnJar 
strain on a particular incdiiuQ under certain conditions and 
that no general conclusion ran he drawn. Lastly comes 
the question of saltations As has been noted by others 
here also it has been found that such characters as the 
development and colour of tho aenal mycelium, sporulation 
and Size of the spores, etc , may show a marked change 
in these sudden variants- The sliape of the spores, 
however, remained the same though in saltauts this 
character even has been observed Hitter (13) to rary^ 
As such characters arc used m the determination of the 
species of the genera it is important to oierciso great care 
in doing so. 

From tho results obtained in this work the author 
recommends the media m the following decreasing order of 
suitability for the cultivation of fungi. Green ilulberry 
agar, Bed Mulberry agar, Bel agar, Licbi agar, Mango agar, 
BrownVstarcb, Kharbuja agar, ‘Water-melon agar, Kakri 
agar. Pomegranate agar and Phalsa agar. 

In conclusion the writer acknowledges his indebted- 
ness to Prof J- ff Hitter for tho suggestion of tho problem 
and guidance and also to Mr R N. Tandon for Ids help and 
interest in the investigation 
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SUMMARY 

1 The eilect of elevea media prepared from the jiuccs of 
fresh fruits on the growth of four {ungi, oameij’, speciea of Fusarium 
ilacrcaportum, Acrotheeium and Spiearta has been studied 

2 Best development of almost all the characters of all the 
four fungi IS found on Green Mulberrj agar and generallT the 
second best development is found on Red Mulberry sgar 

3 On the other hand, most feeble deTeloptnent as regards 
all the rharactera is shown on Pomegranate agar and Phatsa sgar 
by all the four fungi. The other media occupy various positions 
m the senes with regard to the development of lanous characters 
The standard sy&thetio medium, Brows’s>starch, is much lees 
favourable to the growth of theae fungi when eompared to many 
of the media employed, 

4. On certam other media as Chaibuja agar. Water-melon 
agar and Eairi agar a fast rate of linear spread is found assooiatcd 
with 8 poor derelopmeot of other characters It is inferred that 
the rate of linear growth may not give an indication of thij amount 
of growth or the suitability of the medium This is in agreement 
with the conclusions reached by other worhers 

5. Zonation is found to be produced by a particular strain 
on a particular medium under certain conditions and no general 
conclusions could be based as regards the formation of zones 
either with the individual fungi or the media. 

6 The nature of the medium is found to be more effective 
than its pH-value. 

7 Saltations ocenrred id J^sarium on Red Mulberry and 
Green Mulberry agars, to Acrofheetum on Brown s>starch and m 
Spteana on Red Mulberry agar. Such characters as the develop- 
ment and colour of the aerial mycelium, sporulation and size of 
the spores are found to be markedly different from those of the 
parents 

8. From the results obtamed the author recommends the 
media in the loUowing decreasing order of suitability for the 
Cultivation of Fungi— Green Mulberry agar. Red Mulberry agar, 
Bel agar, Lich) agar. Mango agar. Brown a>starch, Kbaxbuja agar. 
Water-melon agar, Eakn agar. Pomegranate agar and Phalsa agar. 
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EXPLANATION OP PLATES I. II and III 

Illustrating A K. Mitra’a Paper on Comparative Values of Fruit 

Juice Uedia. 

Plate I 

Fig. I. F mcarnatum on Brown’s-starch Culture 11 days old. 

Fig 2 P moarnatuiQ Parent and Saltaot on Red Mulberry’ 
agar Culture 13 days old. 

Fig 3 F mearnatum Parent and Saltant on Green Mulberry* 
agar. Culture 20 days old. 

Fig 4 Macrosponum on Brovo’e-starcb Cultine 11 days old 

Fig. 5 Mactoaporiuru on Red Mulberry agar Culture 11 days 
old 

Fig. 0 Macrosponum on Green Mulberry agar Culture U 
days old 

Fig. 7. Macrosponum on Water-melon agar Culture 11 days 
old 

Fig a Macrosponum onKaknagar. Culture 11 days old. 

Fig 9 Macrosponum on Eharbuya agar Culture 11 days old. 

Fig. 10 Macrosponum on Bel agar. Culture 13 days old 

Pig. II Macrosponum on Lictu agar. Culture 10 days old 

Fig 12. Acrothecmm on Btown’a-starch, Parent and Saltant 
Culture lO days old 


PLaTE II 

Fig 1 Acrolbeoiuui on KaLri agar Culture 5 days old 
Fig 2. Acroiliecium on Kbarbuya agar. Culture 10 days old. 

Pig 3 Acrolhocium on Bel agar Culture 10 days old 
Fig 4 Spicuiaon Biown’e-staroh Culture 11 days old 
Fig 5 Spioana on Red Mulberry agar. Parent and Saltant 
Culture 10 days old 

Fig fl Spicana on Green Mulberry agar. Culture 10 days old. 
I’lg 7 bpioaria on Kabn agar. Culture lO days old 
Fig 8 Spioaiin on Bel agar Culture SO days old 
Fig 0 Spicana on Mangoagar Culture SO days old. 

Fig. lO Spicana on I^ohi agar. Culture 20 days old. 

Fig 11 Spicana on Phalsa agar. Culture SO days old. 

Fig 12, Spicana on Pomegranate agar Culture SO days old 
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Plats III 

(All tho ficurea were originally drawn at a raagniScation of 
about XlCOO with the aid of a Gaineia Luoidu and have been 
reduced to about X<) 

Fig 1 Fusarmm mcaraatuiD Spores from Various Media 
Fig. 2 Macrosporium Spores from Various Media 
Fig. 3. Spioaria. Spores from Vanous Media. 

Fig 4 Acrothccium, Chiamydospores from Vanous Media 
Fig 5 Aorothecium Spores from Vanous Media 
Fig 6 Acrolhecium, Germinatioa of Spores 
Pig 7. Macrosporium OerminatioD of a Spore 
Pig 8 Fusarium mcamatuin. Swollen Hypbao oo Various 
Media 



SECTION IV 

PHYSICS 



ON A NEW KIND OF CHARACTERISTIC X-RAYS 

llV 

il. X. SAHA 

/Vo/, in Vifjttta, Aliahakatt Urttvtraity, AUnhaliUd, 

for 80100 tiiiio pi'll* Iho writer of tlie pro^ont note h.ia 
boon tUmWini? of the posaibihtj of havmjc .i uow kind of 

ciuiractcristio X-r 4>8 which stand in tho same relation to 

tlio usual K and L-spectra us complex optical spectra of 
elements stand to optical alkali spectra. Tlie IC and L- 
. spectra and oilier usual characteristic X-ray spectra are 
duo to tho rcMUOsal of o/ie electron from any closed shell, 
and the suhsequont Ivllmg up of this shell by an electron 
from some external shell nccordinp to the rules of quantum 
mechanics Tho alkati-hko slrucluro of X-r.iy spectra is 
duo to tho operation of tho Vanh principle, according to 
which ilefcel of ao electron from a closed shell gives nao 
to tho aamo spectroscopic Icrma as excess of one electron 
outaido a closed slioll. Is U not just possible that in the 
act of bombardment b> tho cathode rays, more than ono 
electron is displaced from ono or moro shells simultaneous- 
ly? As such phenomena aro quito common in tho excitation 
of optical spectra by , cathode ray bombardment, o g., m 
Franck and Hertz’s experiments, wo can expect tho same to 
hold good when ■\>o uoiobard the interior of tho atom with 
electrons of sufficient energy. Supposing now in one act 
of hombardment, both electrons in tho IC-slicll are earned 
off, what will happen next? iVs this state is unstable, two 
electrons will now jump from tho L, or higher shell, and 
fill up tho K-lovol It can ba shown from principles of 
quantum mccbanica that ooo of these transitions will 
be allowed, the other disallowed. But the fiequenoy 
of the lino or lines emitted will be approximately 
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(K-i -L|) + (K,— Lj) and hpQce it wUl hive iipproxmatchj 
donlile the enprf;7 of ordinary KTadiation Exact calcula- 
lion abows that tliere will he two rejjolilir htiea 'So~'Ei, 
’Sj-'P, and there may be besides two forbidden lines, 
There raav be another group 
corresponding to Ka, and an intermediate group correspoudmg 
toK) Ki < — ’-Li Mj or Kj K| < --La Mi 

It is well Lnown that several lines of obscure origin 
appear on the shorter side of K lines and arehnoMnas 
spirk hne«- It appeared to tnc from scrutiny of existing 
literature that tivo at least of these spark lines a^, 
aro in reality the douhlo transition lines obtained m the 
second order Acting on this hypothesis 1 directed niy 
colleague Prof Bharguia and iny scholar, Mr «!• B 
Mukerjee to try to get these linos MTe have to expose our 
plates at approximately half the wavelength of copper 
radiation, and maintam the voltage at a steady value of 
40000 winch is ahooi double the excitation voltage of 
Ki'liue of copper When we developed the plate after 
twenty hours’ exposuro a ehari> line was found at the 
expected position impressed on a faint coutinuons back* 
gtonnd Uoiigh lueaaurements showed that it had n 
Wavelength of a 7GO X onits while the valve of a for Kn of 
copper .8 1500 X nnits. The measured wavelength is 
approximately half the expected value, hut tlio nieasuremcuts 
wore rough, and ns the method of fixed crystals was used, 
there may be largo errors in the measarcinc.Dt of the angle. 
Theoretical considerations show that owing to coupling 
phenomena the wavelengths of ‘S^— *Pi and 
lines may considerably dovuto from the half-value of 
K« nr Ks- The hypothesis of double ionisation and double 
traQsiiion thcriby receives good confirmatiou. About a 
mouth previous to this work, working in collaboration 
wiiU Prof, llhargava, and Mr, ilnkerjeo, evidence of 
double traniiUon }^s{>ccttam of tungsten was obiamed. 
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But ^\o postponed announcement of tlio result till further 
confirmation was received 

I havo no doubt that tho phenomenon is general, and 
before long, Morhers m Una Cold wiU bo looking for double 
tronsilion K and L-apcctra of all cletiionls. Tins sur\ey 
will taku much timo and labour, but when it is fairly dono, 
there is no doubt that tho n'sulta will throw a flood of light 
on tho structure of tho atom 



